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128K x8 KM681001-20 KM681001-25 KM681001-35 
KM681002-15 KM681002-17 KM681002-20 
t ‘i f i 
KM681002A-12 KM681002A-15 KM681002A-17 KM681002A-20 
i ‘i —t t 
KM68V1002A-12 KM68V1002A-15 KM68V1002A-17 KM68V1002A-20 


(Low Voltage Operation) 


64K x 16 KM6161002-15 KM6161002-17 KM6161002-20 
f i ‘ ri 
KM6161002A-12 KM6161002A-15 KM6161002A-17 KM6161002A-20 
t f f f 
KM616V1002A-12 KM616V1002A-15 fy KM616V1002A-17 KM616V1002A-20 


(Low Voltage Operation) 
KM644002-17/L-17 KM644002-20/L-20 KM644002-25/L-25 
KM684002-17/L-17 KM684002-20/L-20 KM684002-25/L-25 

KM6164002-25/L-25 1 KM6164002-35/L-35 


512K x8 


256K x 16 KM6164002-20/L-20 


ELECTRONICS 


MEMORY ICs FUNCTION GUIDE 


BiCMOS SRAM | 


BiCMOS 256K 64K x4 KM64B258A-8 KM64B258A-10 KM64B258A-12 
TTL VO 


* — (Revolutionary, With O&) * 


KM64B261A-6 KM64B261A-7 KM64B261A-8 


(Revolutionary) 


32K x8 KM68B257A-8 KM68B257A-9 KM68B257A-10 KM68B257A-12 


* — (Evolutionary) 


KM68B261A-6 KM68B261A-7 KM68B261A-8 


256K x 4 


128K x8 


KM64B1003-15 
KM68B1002-12 


KM68B1002-15 


KM68B1002-10 


KM68B1002-8 


(Revolutionary) 


KM68B1002-9 5 


t i f 
KM64B4002-10 KM64B4002-12 KM64B4002-15 


t (Revolutionary, With OE) 


KM64BV4002-10 KM64BV4002-12 KM64BV4002-15 


(8.3V Operation-Revolutionary, With OE) 


: i i 
512K x8 KM68B4002-10 KM68B4002-12 KM68B4002-15 


t (Revolutionary, With OE) { 


KM68BV4002-10 KM68BV4002-12 KM68BV4002-15 


(3.3V Operation- ogc: 


256K x 16 KM616B4002-10 KM616B4002-12 KM616B4002-15 


(Revolutionary, With OE) i 


KM616BV4002-10 KM616BV4002-12 KM616BV4002-15 


(3.3V Operation-Revolutionary) 


ELECTRONICS 


MEMORY ICs 


FUNCTION GUIDE 


Specialty SRAM 


P A LA : 
Sync. 288K 32K x9 KM79C86J-14 : KM79C86J-19 
SRAM ee eee {(Interteave Burst) 


(Sep. /0) 


A\ 
il KM79C86J-20 . 


t i i 
64K x 18 KM718B86-9 KM718B86-10 KM718B86-12. 


256K x 4 KM741006J-10 B KM741006J-12 B KM741006J-15 


t interleave Burst) 


t t 
KM718B90-9 KM718B90-10 KM718B90-12 


T (Sequential Burst) 


i t 
KM718BV87-9 KM718BV87-10 KM718BV87-12 


T interleave! Burst, Glue) 


i t 
KM718BV90-9 KM718BV90-10 KM718BV90-12 


(Sequential Burst, Glue) 


ft a i ; 
KM74B4006-10 KM74B4006-12 KM74B4006-15 


* > New Product t : Preliminary Product tT : Advanced Information 


A : Last Time by Product 


Psimsuncg 
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1.5 MASK ROM 
Standard Product 


CMOS 256K bit 32K x 8 
512K bit 64K x 8 


KM23C1010(G)-20 


KM23C2000A(G)-10 KM23C2000A(G)-12 KM23C2000A(G)-15 
i i i 

KM23C2000B(G)-10 KM23C2000B(G)-12 KM23C2000B(G)-15 

KM23C2001A(G)-10 KM23C2001A(G)-12 KM23C2001A(G)-15 
i i i 

KM23C2001B(G)-10 KM23C2001B(G)-12 KM23C2001B(G)-15 


256K x 8/ 
128K x 16 


512K x8 KM23C4000B(G)-10 . KM23C4000B(G)-12 KM23C4000B(G)-15 


— 
— 


KM23C4000C(G)-10 KM23C4000C(G)-12 KM23C4000C(G)-15 


KM23C4001B(G)-10 KM23C4001B(G)-12 KM23C4001 B(G)-15 


— 


KM23C4001C(Q)-12 KM23C4100B(G)-15 


— 
— 


KM23C4100C(G)-10 KM23C4100C(G)-12 KM23C4100C(G)-15 


aes KM23C4100B(G)-10 KM23C4100B(G)-12 KM23C4100B(G)-15 


KM23C4200B-12 KM23C4200B-15 KM23C4200B-20 
KM23C4200C-12 KM23C4200C-15 


ie) 


ELECTRONICS 
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CMOS | aM bit | KM23C8000B(G)-10 —-y KM23C8000B(G)-12 KM23C8000B(G)-15 
KM23C8000C(G)-12 KM23C8000C(G)-15 KM23C8000C(G)-20 


+ 


KM23C8001B(G)-10 KM23C8001B(G)-12 KM23C8001B(G)-15 
KM23C8001C(G)-12 KM23C8001C(G)-15 KM23C8001C(G)-20 


KM23C8100B(G)-12 KM23C8100B(G)-15 


16M bit 


32M bit 


34 


a” 
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64M bit KM23C64000G-20 


KM23C64200SG-20 


* : New Product 
+ : Under Development 


Page Mode Product 


CMOS 5IKcie [| KM23C81058(G)-10 KM23C8105B(G)-12 KM23C8105B(G)-15 
1em bit { 2Mx8 Lt xwescte005aa)-12 11 KM23C16005A(G)-15 [4 KM23C16005A(G)-20 | - 


32M bit 2M x 16 KM23C32005-15 KM23C32005-20 * KM23C32005-25 
i i i 
KM23C32005A-10 KM23C32005A-12 KM23C32005A-15 


KM23C32005(G)-20 KM23C32005(G)-25 - 
KM23C32005AG-10 KM23C32005AG-12 KM23C32005AG-15 


i i i 
aM By [-] KM23C32205ASG-10 [-} KM23C32205ASG-12 |-} KM23C32205ASG-15 


ELECTRONICS 
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Low Voltage Product 


KM23V4000B(G)-25 
KM23V4001B(G)-25 


KM23V4100B(G)-25 


KM23V8000B(G)-30 
KM23V8001 B(G)-30 


KM23V8100B(G)-20 KM23V8100B(G)-30 
16M bit KM23V16101A-20 KM23V16101A-25 KM23V16101A-30 


KM23V16000A(G)-30 


* + New Product 
} : Under Development 


ELECTRONICS 


MEMORY ICs | FUNCTION GUIDE 


1.6 EEPROM 
*Serial EEPROM 


CMOS 64 x 16 KM93C46/V/| . KM93C46G/VG/I KM93C46GD/VGD/| 


128 x 16 


KM93C56/V/| KM93C56G/VG/I 


KM93C57G/VG/I KM93C57GD/VGD/| 
256 x 16 KM93C66/V/I KM93C66G/VG/I KM93C66GD/VGD/I 


KM93C56GD/VGD/| 


KM93C57/V/| 


KM93C67/V/| KM93C67G/VGA _ KM93C67GD/VGD/ 


*Parallel EEPROM 


ons ene 


1.7 Flash 


ons 12068 
i °° 

16M bit KM29N16000/T/TS 

i 


* : New Product 
{ : Preliminary Product 
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KM29C010/J/T-15 


MEMORY ICs © | FUNCTION GUIDE 


2. PRODUCT GUIDE 
2.1 Dynamic RAM 


boon] on [S| mew fom] ream | 


iMbit |1Mxt  |sv+10% 60/70/80 |Fast Page Cee 
. , J:20 Pin SOU 
2:20 Pin ZIP 
. V:20 Pin TSOP-I (Forward) 
VR:20 Pin TSOP-I (Reverse 


T:20 Pin TSOP-II (Forward) 
4M bit 5V+10% 50/60/70/80|Fast Page 
Static Column 
3.3V+10%| 


TR:20 Pin TSOP-H (Reverse 
60/70/80 |Fast Page 
1Mx4 |5V+10% 
KM44C1004CL# 


KM4101000C# 
KM41C1000CL# 
KM41C1000CSL# 
KM44C256C# 
KM44C256CL# 
KM44C256CSL# 
KM41C4000C# 
KM41C4000CL# 
KM41C4000CSL# 
KM41C4002C# 
KM41V4000C# 
KM41V4000CL# 
KM41V4000CLL# 
KM44C1000C# 
KM44C1000CL# 
KM44C1000CSL# 
KM44C1010C# 
KM44C1002C# 
KM44C1003C# 
KM44C1003CL# 
KM44C1003CSL# 
KM44C1004C# 


P:20 Pin DIP 
50/60/70/80|Fast Page 
Fast Page with WPB 
Static Column 
Quad CAS 
KM44C1004CSL# 


J:20 Pin SOJ 
3.3V+10%] KM44V1000C# 60/70/80 |Fast Page 


Z:20 Pin ZIP 

V:20 Pin TSOP-I (Forward) 
KM44V1000CL# 
KM44V1000CLL# 


VR:20 Pin TSOP-I (Reverse 
KM44V1004C# EDO 


T:20 Pin TSOP-II (Forward) 
KM44V1004CL# 
os 


TR:20 Pin TSOP-II (Reverse 
KM44V1004CLL# 


KM48C512B# 
KM48C512BL# 


4M B/W j512Kx8 |5V+10% 


ELECTRONICS 
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(#) 


J:28 Pin SOJ 

Z:28 Pin ZIP 

T:28 Pin TSOP-II (Forward) 
TR:28 Pin TSOP-II (Reverse 


KM416C254BLL# 
KM416C156B# 
KM416C156BL# 


Fast Page with 2WE 


J:24 Pin SOJ 
(400mil) 

T:24 Pin TSOP-I! (Forward) 
400mil 


4M B/W |[512Kx8 [5V+10% |KM48C512BLL# {|50/60/70/80| Fast Page 
KM48C514BLL# 
KM49C512BL# 
50/60/70/80} Fast Page 
KM416C256BL# 
KM416C254BL# 
KM416C156BLL# 
KM416C157BLL# 
16M bit }16Mx1 |5V+10% {KM41C16000A# |50/60/70/80| Fast Page(4K) 


Dynamic RAM 
KM48C514B# 
3.3V+10%| KM48V512B# 60/70/80 _| Fast Page 
KM48V512BL# 
| KM48V512BLL# 
KM48V51 4B# EDO 
KM48V514BL# 
KM48V514BLL# 
KM49C512BLL# 
KM416C256BLL# 
KM416C157B# 
3.3V+10%|KM416V256B# |60/70/80_‘| Fast Page 
KM416V256BL# 
KM416V256BLL# 
KM416V254B# EDO 
KM416V254BL# 
KM416V254BLL# 
KM41C16000AL# 
PSimsunig . 


Power 
Ss ns 
KM48C514BL# 
KM49C512B# 60/70/80 | Fast Page 
256Kx16}5V+10% {KM416C256B# 
KM416C254B# 
KM416C157BL# 
256Kx18]5Vt10% |KM418C256B#4 60/70/80 Fast Page 
KM418C256BL# 
KM418C256BLL# 
KM41C16000ALL# 
ELECTRONICS 


MEMORY ICs | FUNCTION GUIDE 


Dynamic RAM 


poe] om [Sag | Pete Frei] roe | 


16Mx1 |5v210% |km41C16002A# _|50/60/70/80) Static Column(4k) _|TR:24 Pin TSOP-lI (Reverse 
3.3V4109%4KM41V16000A# 60/70/80 | Fast Page(4K) (400mil) 
KM41V16000AL# K: 24 Pin SOJ 
KM41V16000ALL# (300mil) : 
KM41V16000ASL# S: 24 Pin TSOP-II(Forward) 
4Mx4 |5V+10% |KM44C4000A# 50/60/70/80} Fast Page(4K) (300mil) 
KM44C4000AL# SR: 24 Pin TSOP-II(Reverse 
~ |KM44C4000ALL# (300mil) 
KM44C4000ASL# 
KM44C4100A# | Fast Page(2K) |. 
KM44C4100AL# 
KM44C4100ALL# 
KM44C4100ASL# 
KM44C4002A# Static Column(4k) 
KM44C4102A# Static Column(2K) 
IKM44C4003A# Quad CAS(4K) 
KM44C4003AL# 
KM44C4003ALL# ; 
KM44C4003ASL# 
KM44C4103A# Quad CAS(2K) 
KM44C4103AL# : 
KM44C4103ALL# i 
KM44C4103ASL# 
KM44C4004A# EDO(4k) 
KM44C4004AL# 
KM44C4004ALL# 
KM44C4004ASL# 
KM44C4104A# EDO(2K) 
KM44C4104AL# 

KM44C4104ALL# 
KM44C4104ASL# 
KM44C4010A# Fast Page with WPB 
KM44C4010AL# (4K) 
KM44C4010ALL# 
KM44C4010ASL# 
KM44C4110A# Fast Page with WPB 
KM44C4110AL# (2K) 
KM44C4110ALL# 

KM44C4110ASL# 
KM44C4005A# _ . 
KM44C4005AL# EDO with Quad CAS 

KM44C4005ALL# (4K) 


«ci? ae: 
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Dynamic RAM 


Penaiy| Ore | Suppy | Par umber [Speedie] Features | Pe 


4Mx4 |5V+10% | KM44C4005ASL# |50/60/70/80 J: 24 Pin SOJ 
KM44C4105A# (400mil) 
KM44C4105AL# 
KM44C4105ALL# 
KM44C4105ASL# 
3.3V£10%| KM44V4000A# | 60/70/80 
KM44V4000AL# 
KM44V4000ALL# 
KM44V4000ASL# 
KM44V4100A# 
KM44V4100AL# 
KM44V4100ALL# 
KM44V4100ASL# 
| KM44v4004A# 
KM44V4004AL# 
KM44V4004ALL# 
KM44V4004ASL# 
KM44V4104A# 
KM44V4104AL# 
KM44V4104ALL# 
KM44V4104ASL# 
il KM48C2000A# _{50/ 60/70/80 


T:24 Pin TSOP-II (Forward) 
KM48C2000AL# 
en : 


(400mil) 
KM48C2000ALL# 
ELECTRONICS 


EDO with Quad CAS 
(2K) 


Fast Page(4K) 


Fast Page(2K) 


EDO(4KO 


EDO(2K) 


J:28 Pin SOJ 
T:28 Pin TSOP-II (Forward) 
TR:24 Pin TSOP-II(Reverse 


Fast Page(4K) 


TR:24 Pin TSOP-II (Reverse 
KM48C2000ASL# 


(400mil) 
K: 24 Pin SOJ 
(300mil) 
$:24 Pin TSOP-II (Forward) 
KM48C2100A# 
KM48C2100AL# 
KM48C2100ALL# 
KM48C2100ASL# 


(300mil) 
SR:24 Pin TSOP-II(Reverse) 
(300mil) 
KM48C2004A# 
KM48C2004AL# 
KM48C2004ALL# 
KM48C2004ASL# 
KM48C2104A# 
KM48C2104AL# 
KM48C2104ALL# 
KM48C2104ASL# 


Fast Page(2k) 


EDO(4K) 


EDO(2K) 


MEMORY ICs FUNCTION GUIDE 


Dynamic RAM 


pean] oo [ag ew Freee] eee] 


3.3V£10% KM48V2000A# 60/70/80 | Fast Page(4k) J:28 Pin SOJ 


KM48V2000AL# T:28 Pin TSOP-II (Forward) 
5VL10% 


TR:28 Pin TSOP-II(Reverse} 
3.3V+10% 
ELECTRONICS 


KM48V2000ALL# 
KM48V2100A# 
KM48V2100AL# 
KM48V2100ALL# 
KM48V2004A# 
KM48V2004AL# 
KM48V2004ALL# 
KM48V21 O4A¥ 


Fast Page(2K) 


EDO(4K) 


EDO(2k) 
KM48V2104AL# 
KM48V2104ALL# 
KM416C1000A# 
KM416C1000A#-L 
KM416C1000A#-F 
KM416C1200A# 
KM416C1200A#-L 
KM416C1200A#-F 


60/70/80 | Fast Page(4K) 


J:42 Pin SOJ 
T:44 Pin TSOP-II (Forward) 
R:44 Pin TSOP-II(Reverse) 


Fast Page(1K) 


KM416C1004A# EDO(4K) 
KM416C1004A#-L 
KM416C1004A#-F 
KM416C1204A# 

KM416C1204A#-L 
KM416C1204A#-F 


KM416V1000A# 


EDO(1K) 


60/70/80 | Fast Page(4K) 


KM416V1000A#-L 


KM416V1000A#-F 
Fast Page(1K) 


KM416V1200A# 


KM416V1200A#-L 


| KM416V1200A#-F 


MEMORY ICs FUNCTION GUIDE 


Dynamic RAM 


boon] om [Sag] Pet Pom] rear | 


16M B/W 3.3Vt10%] KM416V1004A# | 50/60/70 | EDO(4K) J:42 Pin SOJ 
~ 1KM416V1004A#-L T:44 Pin TSOP-II (Forward) 
. KM416V1004A#-F R:44 Pin TSOP-II(Reverse) 
KM416V1204A# EDO(1K) . 
KM416V1204A#-L 
KM416V1204A#-F 


| 3.3V+10% KM48V8000#. 50/60/70 | Fast Page(8K) J:34 Pin SOJ 


KM48V8000#-L T:34 Pin TSOP-I! (Forward) 


KM48V8000#-F R:34 Pin TSOP-II(Reverse) 
KM48V8100# 


KM48V8100#-L 
KM48V8100#-F 
KM48V8004# 

KM48V8004#-L 
KM48V8004#-F 
KM48V8104# 

KM48V8104#-L 
KM48V8104#-F 


Fast Page(4K) 


EDO(8kK) 


EDO(4K) 
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2.2 Dynamic RAM Module 


PCB Refresh 


DRAM SIMM Based on 4M DRAM 


60/70/80 | S,30 Pin SIMM 
60/70/80 | S,30 Pin SIMM 
60/70/80 | S,72PinSIMM 
60/70/80 S, 72 Pin SIMM 
50/60/70/80 | S, 72 Pin SIMM 
60/70/80 | D,72 Pin SIMM 
60/70/80 | S, 72 Pin SIMM 
50/60/70/80 | S, 72 Pin SIMM 
50/60/70/80 | S, 72 Pin SIMM 
50/60/70/80 | S, 72 Pin SIMM 
50/60/70/80 | D, 72 Pin SIMM 
60/70/80 D, 72 Pin SIMM 
50/60/70/80 | D, 72 Pin SIMM 
50/60/70/80 | D, 72 Pin SIMM 
50/60/70/80 | D, 72 Pin SIMM 
50/60/70/80 | D, 72 Pin SIMM 
50/60/70/80 | D, 72 Pin SIMM 
50/60/70/80 | D, 72 Pin SIMM 


1Mx8 | KMM581000CN [FP 

1Mx9 KMM591000CN F/P 

4Mx8 KMM584000C F/P 

4Mx9 KMM594000C F/P 

1Mx32 | KMM5321000CV/CVG F/P 

1Mx33 | KMM5331000C/CG F/P 

1Mx36 | KMM5361000C2/C2G F/P, PLCC 

1Mx36 | KMM5361000CH F/P, ECC 

1Mx36 | KMM5361003C/CG F/P. QCAS 

1Mx40 | KMM5401000C/CG/CM F/P. ECC 

2Mx32. | KMM5322000CV/CVG F/P 

2Mx36 | KMM5362000C2/C2G F/P, PLCC 

2Mx36 | KMM5362000CH F/P, ECC 

2Mx36 | KMM5362008C/CG F/P, QCAS 

2Mx40 | KMM5402000C/CG/CM F/P, ECC 

4Mx32. | KMM5324000CV/CVG Double Nocth 

4Mx33_ | KMM5334000CV/CVG Double Nocth 

4Mx36 | KMMS5364000C/CG___|_Double Nocth 
DRAM SIMM Based on 4M B/W DRAM 

256Kx32 | KMM532256BW/BWG 

256Kx36 | KMM536256BW/BWG 

512Kx32 | KMM532512BW/BWG 

512Kx36_ | KMM536512BW/BWG 


60/70/80 | S,72PinSIMM 
60/70/80 | S, 72 Pin SIMM 
60/70/80 ‘| D, 72 Pin SIMM 
60/70/80 | D, 72 Pin SIMM 


DRAM SIMM Based on 16M DRAM 


KMM584100AN 
KMM584100AKN 
KMM594100AN 
KMM594100AN 
KMM5816000A/AT 
KMM5816000AK 
KMM5916000A/AT 
KMM5916000AK 
KMM5324100AV/AVG 
KMM5324000AV/AVG 


50/60/70/80 
50/60/70/80 
50/60/70/80 
50/60/70/80 
50/60/70/80 
50/60/70/80 
50/60/70/80 
50/60/70/80 
50/60/70/80 
50/60/70/80 


KMM5324100AK/AKG 
KMM5324000AK/AKG 
KMM5334100A/AG 


50/60/70/80 
50/60/70/80 


50/60/70/80 | D, 72 Pin SIMM 


2048/32 


650 1024/16 
650 1024/16 
805 1024/16 NOW 
805 1024/16 NOW 
855 1024/16 NOW 
1000 | 1024/16 NOW 
1000 | 1024/16 NOW 
1000 | 1024/16 NOW 
1000 |; 1024/16 NOW 
1000 |) 1024/16 NOW 
1000 | 1024/16 NOW 
1000 | 1024/16 NOW 
1000 | 1024/16 NOW 
1000 | 1024/16 NOW 
1000 | 1024/16 NOW 
1290 | 1024/16 NOW 
1290 | 1024/16 NOW 
1290 | 1024/16 NOW 
1000 | 512/8 NOW 
1000 | 512/8 NOW 
1000 | 512/8 NOW 
1000 | 512/8 NOW 
S, 30 Pin SIMM 2048/32 NOW 
S, 30 Pin SIMM 2048/32 '94,4Q 
S, 30 Pin SIMM 2048/32 NOW 
S, 30 Pin SIMM 2048/32 ‘94, 4Q 
D, 30 Pin SIMM | 4096/64 NOW 
D, 30 Pin SIMM 4096/64 '94,4Q 
D, 30 Pin SIMM 4096/64 NOW 
D, 30 Pin SIMM 4096/64 '94,4Q 
S, 72 Pin SIMM 2048/32 NOW 
S, 72 Pin SIMM 4096/64 NOW 
S, 72 Pin SIMM 2048/32 NOW 
S, 72 Pin SIMM 4096/64 


Poimsunag 
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2.2 Dynamic RAM Module (Continued) 


Feature Speed(ns) Package 
eight} cycle/ms 
DRAM SIMM Based on 16M DRAM 
4Mx36 KMM5364100A/AG ° F/P ) 50/60/70/80 | D,72PinSIMM | 1000 | 2048/32 NOW 
4Mx36 KMM5364100A1/A1G F/P 50/60/70/80 | S,72 PinSIMM | 1250 | 2048/32 NOW 
4Mx36 KMM5364100AH/AHG F/P, ECC 50/60/70/80 | S,72 PinSIMM | 1000 | 2048/32 NOW 
4Mx36 KMM5364000AH/AHG F/P, ECC 50/60/70/80 | S,72 PinSIMM | 1000 | 4096/64 NOW 
4Mx36 KMM5364100AKH/AKHG F/P, ECC 50/60/70/80 | S, 72 PinSIMM | 1000 | 2048/32 ‘94, 4Q 
4Mx36 KMM5364000AKH/AKHG~|_-F/P, ECC 50/60/70/80 | S,72 PinSIMM | 1000 | 4096/64 ‘94, 4Q 
4Mx36 KMM5364103AK/AKG F/P, QCAS 50/60/70/80 | S,72PinSIMM | 1000 | 2048/32 NOW 
4Mx36 KMM5364003AK/AKG F/P, QCAS 50/60/70/80 | S,72 PinSIMM | 1000 | 4096/64 NOW 
4Mx39 KMM5394100AM F/P 50/60/70/80 | S,72 PinSIMM | 1000 | 2048/32 NOW 
4Mx39 KMM5394000AM F/P 50/60/70/80 | S,72 PinSIMM | 1000 | 4096/64 NOW 
4Mx40 KMM5404100A/AG F/P, ECC 50/60/70/80 | S,72 PinSIMM | 1000 | 2048/32 NOW 
4Mx40 | KMMS5404000A/AG  - F/P, ECC 50/60/70/80 | S, 72 Pin SIMM 1000 | 4096/64 NOW 
4Mx40 KMM5404100AK/AKG F/P, ECC 50/60/70/80 | S,72 PinSIMM | 1000 | 2048/32 '94,4Q 
4Mx40 KMM5404000AK/AKG F/P, ECC 50/60/70/80 | S,72 PinSIMM | 1000 | 4096/64 ‘94, 4Q 
8Mx32 KMM5328100AV/AVG F/P 50/60/70/80 | D, 72 PinSiIMM | 1000 | 2048/32 NOW 
8Mx32 KMM5328000AV/AVG F/P 50/60/70/80 | D,72PinSIMM | 1000 | 4096/64 NOW 
8Mx32 KMM5328100AK/AKG F/P 50/60/70/80 | D,72 PinSIMM | 1000 | 2048/32 NOW 
8Mx32 KMM5328000AK/AKG F/P 50/60/70/80 | D,72PinSIMM | 1000 | 4096/64 NOW 
8Mx33 KMM5338100AKV/AKVG F/P 50/60/70/80 | D,72 PinSIMM | 1000 | 2048/32 NOW 
8Mx36 KMM5368100A1/A1G F/P 50/60/70/80 | D,72PinSIMM | 1375 | 2048/32 NOW 
8Mx36 KMM5368100AH/AHG F/P, ECC 50/60/70/80 | D, 72 PinSIMM | 1250 | 2048/32 NOW 
8Mx36 KMM5368000AH/AHG F/P, ECC 50/60/70/80 | D,72PinSIMM | 1250 | 4096/64 NOW 
8Mx36 KMM5368100AKH/AKHG F/P, ECC 50/60/70/80 | D,72PinSIMM | 1000 | 2048/32 '94, 4Q 
8Mx36 KMM5368000AKH/AKHG F/P, ECC 50/60/70/80 | D,72 Pin SIMM | 1000 | 4096/64 ‘94, 4Q 
8Mx36 KMM5368103AK/AKG ——|:~F/R. QCAS 50/60/70/80 | D,72PinSIMM | 1000 | 2048/32 NOW 
8Mx36 KMM5368003AK/AKG F/P, QCAS 50/60/70/80 | D,72PinSIMM | 1000 | 4096/64 NOW 
8Mx40 KMM5408100AK/AKG F/P, ECC 50/60/70/80 | D,72PinSIMM | 1000 | 2048/32 ‘94, 4Q 
8Mx40 KMM5408000AK/AKG F/P, ECC 50/60/70/80 | D,72PinSIMM | 1000 | 4096/64 '94, 4Q | 
DRAM SIMM Based on 16M B/W DRAM 
1Mx32 KMM5321200AW/AWG F/P | 60/70/80 D, 72 Pin SIMM 1000 | 1024/16 NOW 
1Mx32 KMM5321000AW/AWG F/P 60/70/80 D, 72 PinSIMM | 1000 | 4096/64 NOW 
1Mx32 KMM5321203AW/AWG F/P 60/70/80 D, 72 PinSIMM | 1000 | 1024/16 NOW 
2Mx32 KMM5322200AW/AWG F/P 60/70/80 D, 72 PinSIMM | 1000 | 1024/16 NOW 
2Mx32 KMM5322000AW/AWG ‘| F/P 60/70/80 D,72 PinSIMM | 1000 | 4096/64 NOW 
2Mx32 KMM5322103AU/AUG F/P, QCAS 60/70/80 D, 72 Pin SIMM 2048/32 NOW 
2Mx32 KMM5322208AU/AUG F/P, AND 60/70/80 S, 72 Pin SIMM 1024/16 NOW 
2Mx36 KMM5362209AU/AUG F/P, AND 60/70/80 S, 72 Pin SIMM 1024/16 NOW 
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2.3 Video RAM 


KM424C256A 256Kx4 28Pin ZIP/SOJ NOW 
KM424C257 256Kx4 28Pin ZIP/SOJ 
KM428C128 . 428Kx8 40Pin SOJ/TSOP- I 


KM428C256 o56K x8 60/70/80 
KM428V256 256K x8 70/80 

“KM428C257 256K x8 60/70/80 40Pin SOJ/TSOP- I 
KM4280258 256K x 8 60/70/80 40Pin SOJ/TSOP- I 


Fweroze | nace | earn | cos | AF | epnssonrtsors 


*: New Product t : Under Development 


40Pin SOJ/TSOP- I 
40Pin SOJ/TSOP- I 
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2.4 Static RAM 


Low power SRAM 
Power Dissipation “| 
Den. Part Name Org. Speed(ns)} Technology| Active Standby Package 
Max.(mA) | Max.(#A) 
1 
64K KM6264BL/BL-L 8K x8 70/100/120 | CMOS 55 100/50 | DIP/SDIP/SOP 
; ——f—— — 
256K KM62256BL/BL-L 32K x8 | 70/85/100/120 | CMOS 70 100/20 DIP/SDIP/SOP/TSOP 
: KM62256BLI/BLI-L 32K x 8 70/100 CMOS 70 100/20 DIP/SOP 
* KM62256CL/CL-L 32K x8 | 55/70/85/100 | CMOS 70 100/20° DIP/SDIP/SOP/TSOP 
* KM62256CLI/CLI-L 32K x 8 70/100 CMOS 70 100/20 SOP/TSOP 
Toes 
512K KM68512L/L-L 64K x 8 70/85/100 CMOS 70 100/20 SOP/TSOP 
* KM68512AL/AL-L 64K x 8 55/70 CMOS 70 100/20 _ SOP/TSOP 
1 ey 
1M * KM681000BL/BL-L 128K x 8 | 55/70/85/100 | CMOS 70 100/20 DIP/SOP/TSOP 
* KM681000BLI/BLI-L | 128Kx8 70/100 CMOS 70 100/20 SOP/TSOP 
4m | * KM684000L/L-L 512K x8 | 55/70/85/100 | cmos} 70 | 100/20 | DIP/SOP/TSOP 
* KM684000LI/LI-L 512K x 8 70/85/100 CMOS 70 100/50 SOP/TSOP 
Low Voltage SRAM 
Power Dissipation ; 
Den. Part Name Org. Speed(ns) Technology| Active Standby Package 
Max.(mA) | Max.(«A) 
+ KM62256CL-LV 20/10 SOP/TSOP 


+ KM68V1000BL/BL-L 


128K x8 


70/100 


SOP/TSOP 


4M — | tf KM68V4000AL/AL-L | 512Kx8 | 70/100/120 SOP/TSOP 
4 ‘ 
tt KM616V4000AL/AL-L | 256K x 16 70/100 CMOS 70 50/10 SOP/TSOP 
Low Voltage SRAM 
Power Dissipation | 
Den. Part Name Org. Speed(ns) Technology| Active Standby Package. 
Max.(mA) | Max.(A) 
1M KM658128A/AL/AL-L | 128K x 8 | g0/100/120 | CMOS; 70 | 100/20 | DIP/SOP 
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High speed & Ultra High Speed SRAM 


Den. Part Name Org. Speed(ns) - Active Standby Package 
Max.(A) 
64K KM6465B 16K x 4 12/15/20/25 1 22 SDIP 
KM6466B 16K x 4 12/15/20/25 1 24 SDIP/SOJ 
KM6865B 8K x8 12/15/20/25 1 28 SDIP/SOJ 
256K | A KM64258B 64K x 4 15/20/25 CMOS 140 2 28 SDIP/SOJ 
KM64258C 64K X 4 12/15/20 CMOS 140 2 28 SOJ 
KM64V258C 64K x 4 15/17/20 CMOS 110 2 28 DIP/SOJ 
* KM64B261A 64K x 4 6/7/8 BiCMOS 160 20 28 SOJ 
* KM64B258A 64K x 4 8/10/12 BiCMOS 185 20 28 SOU 
ZA KM68257B 32K X 8 15/20/25 CMOS 150 2 28 DIP/SOJ 
KM68257C 32K X 8 12/15/20 CMOS 150 2 28 DIP/SOJ 
KM68V257C 32K X 8 15/17/20 CMOS 110 2 28 DIP/SOJ 
‘| * KM68B261A 32K x 8 6/7/8 CMOS 170 20 32 SOU 
* KM68B257A 32K x 8 8/10/12 CMOS 185 20 28 SOU 
Z\ KM68V257 32K x 8 20/25/35 CMOS 90 [ 0.1 28 DIP/SOJ 
1M A KM611001 1iMx1 20/25/35 CMOS 130 2 28 DIP/SOJ 
KM641001 256K x4 | 17/20/25/35 | CMOS 150 2 28 SDIP/SOJ 
KM641003 256K x 4 15/17/20 CMOS 170 10 32 SOJ 
tt KM641003A 256K x4 | 12/15/17/20 | CMOS 185 3/0.2 32 SOJ/TSOP (I) 
TT KM64V1003A 256K x4 | 12/15/17/20 | CMOS 95 2/0.1 32 SOJ/TSOP (II) - 
* KM64B1003 256K x 4 8/10/12/15 | BiCMOS 165 10 32 SOJ 
KM681001 128K x 8 20/25/35 CMOS 170 2 32 SDIP/SOJ 
KM681002 128K x 8 15/17/20 CMOS 170 10 32 SOJ/TSOP(I) 
tft KM681002A 128K x8 | 12/15/17/20 | CMOS 185 3/0.2 32 SOJ/TSOP (Il) 
tt KM68V1002A 128K x8 | 12/15/17/20 | CMOS 95 2/0.1 32 SOJ/TSOPi(l) 
* KM68B1002 128K x8 | 8/9/10/12/15 | BiCMOS 175 10 32 SOJ/TSOP (Il) 
KM6161002 64K x 16 15/17/20 CMOS 230 10 44 SOJ/TSOP(Il) 
tt KM6161002A 64K x 16 12/15/20 CMOS 250 3/0.2 44 SOJ/TSOP(I) 
Tt KM616V1002A 64K x16 | 13/15/17/20 | CMOS 170 2/0.1 44 SOJ/TSOP(Il) 
4M KM644002/L 1IMx4 17/20/25 170 10/0.5 32 SOU 
+t KM68B4002 1Mx4 10/12/15 180 60/30 32 SOU 
tt KM68BV4002 1Mx4 12/15/20 170 60/30 32 SOJ 
KM684002/L 512k x8 17/20/25 160 10/0.5 36 SOJ 
+t KM68B4002 512K x8 10/12/15 200 60/30 36 SOU 
tt KM68BV4002 512K x8 12/15/20 180 60/30 36 SOU 
KM6164002/L 256K x 16 20/25/35 160 10/0.5 44 SOJ 
t+ KM616B4002 256K x 16 10/12/15 240 60/30 44 SOU/54 SOU 
tt KM616BV4002 256K x 16 12/15/20 200 60/30 44 SO0U/54 SOJ 
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Speciality SRAM 
ae | Power Dissipation 
Den. Part Name Org. Speedins) | Technology| Active | Standby Package 
Max.(mA) | Max.(/A) 
288K | A KM79C86 32K x 9 14/19/24 CMOS 190 50 44 PLCC 
1M KM741006 256K x 4 6.5/7/8 CMOS 190 40 46 SOU 
Tt KM718B86 a 64K x18 | 9/10/12 BiCMOS 280 80 52 PLCC 
+ KM718B91 64K x 18 9/10/12 BicMos| 280 | 80 52 PLCC 
+ KM718BV87 ~_| 64K x 18 9/10/12 BiCMOS| 280 80 | 52 PLCC 
+ KM718BV91 64K x 18 9/10/12 sence a0 | 80 52 PLCC ~ | 
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2.5. MASK ROM 
Capacity Part Number Organization| Speed(ns) | Technology | Features | Package Remark 
256K KM23C256(G) © 32K x 8 120/150/200 Programmable CE & OE | 28DIP(32SOP) 
| 512K | km2a0512(@) 64K x 8 120/150/200 Programmable CE & OE | 2eDIP(280P) NOW 
1M KM23C1000 128K x 8 201 50/200 Programmable CE 28DIP NOW 
KM23C1001 128K x8 | 120/150/200 Programmable OE 28DIP NOW 
KM23C1010(G) 128K x8 | 120/150/200 Programmable CE & OE } 32DIP(32SOP) NOW 
KM23C1011(G) 128K x 8 120/150/200 Programmable OE 32DIP(32SOP) | NOW | 
KM23C2000A(G) 256K x8 — | 100/120/150 Programmable CE & OE | 32DIP(32SOP) NOW 
2M KM23C2001A(G) 256K x 8 100/120/150 Programmable OE 32DIP(32SOP) NOW 
KM23C2100A 256K x 8/ | 100/120/150 Programmable CE & OE | 40DIP. NOW 
128K x 16 | Word/Byte Mode NOW 
[1 kw2a¢20008%6) 256K x 8 100/120/150 Programmable CE & OE | 32DIP(32SOP) | 4Q.'94 
+ KM23C2001B(G) 256K x 8 100/120/150 Programmable OE 32DIP(32SOP) 4Q.'94 
1 KM23C2100B 256K x 8/ | 100/120/150 Programmable CE & OE | 40DIP 4Q.'94 
128K x 16 Word/Byte Mode a 
a KM23C4000B(G) 512K x8 100/120/150 Programmable CE & OE | 32DIP(32SOP) NOW 
KM23C4001B(G) 512K x 8 100/120/150 Programmable OE 32DIP(32SOP) NOW 
KM23C4100B(G) 512K x 8/ | 100/120/150 Programmable CE & OE | 40DIP(40SOP) NOW 
256K x 16 Word/Byte Mode 
KM23C4200B 512K x 8/ | 100/120/150 Programmable CE & OE | 40DIP NOW 
256K x 16 Word/Byte Mode 
+KM23C40000(G) 512K x8 100/120/150 | CMOS Programmable CE & OE | 32DIP(82SOP) 4Q.'94 
tT KM23C4001C(G) 512K x8 100/120/150 | CMOS _ | Programmable OE 32DIP(382SOP) 4Q,'94 
+ KM23C4100C(G) 512K x 8/ | 100/120/150 | CMOS | Programmable CE & OE | 40DIP(40SOP) 4Q.'94 
256K x 16 Word/Byte Mode 
TRMZ20 92000 512K x 8/ | 100/120/150| CMOS. | Programmable CE &OE | 40DIP 4Q.'94 
| 256K x 16 Word/Byte Mode 
* KM23V4000B(G) 512K x 8 150/200/250 | CMOS [sav Operation ; | 32DIP(32SOP) NOW 
* KM23V4001B(G) 512K x 8 150/200/250 | CMOS | 3.3V Operation 32DIP(32SOP) NOW 
* KM23V4100B(G) 512K x 8/ | 150/200/250 | CMOS _ | 3.3V Operation 40DIP(40SOP) NOW 
256K x 16 L 
8M KM23C8000B(G) 1Mx8 100/120/150 | CMOS | Programmable CE & OE | 32DIP(2SOP) NOW 
KM23C8001B(G) 1Mx8 100/120/150.) CMOS | Programmable OE 32DIP(32SOP) NOW 
KM23C8100B(G) 1M x 8/ 100/120/150 | CMOS | Programmable CE & OE | 42DIP(44SOP) NOW 
, 512K x 16 Word/Byte Mode 
a 
* KM23C8000C(G) 1IMx8 120/150/200 | CMOS | Programmable CE & OE | 32DIP(32SOP) NOW 
* KM23C8001C(G) 1Mx8 120/150/200 | CMOS | Programmable OE 32DIP(32SOP) NOW 
* KM23C8100C(G) 1M x 8/ 120/150/200 | CMOS | Programmable CE & OE | 42DIP(44SOP) NOW 
. 512K x 16 Word/Byte Mode 
KM23C8105B(G) 1M x 8/ 400/120/150 | CMOS | 4Word Page 42DIP(44SOP) NOW 
512K x 16 (tP>50) 
* KM23V8000B(G) [ 1Mx8 200/250/300 | CMOS | 3.3V Operation 32DIP(382SOP) NOW 
* KM23V8001 B(G) 1Mx8 200/250/300 | CMOS _ | 3.3V Operation 32DIP(32SOP) NOW 
* KM23V8100B(G) 1M x 8/ 200/250/300 | CMOS | 3.3V Operation 42DIP(44SOP) NOW 
512K x 16 . 
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MASK ROM (Continued) 
Capacity Part Number Organization! Speed(ns) | Technology Features Package Remark 
16M KM23C16101A 2Mx8 120/150/200 | CMOS | Programmable OE 36DIP NOW 
KM23C16000A(G) | 2M x 8/ 120/150/200 ; CMOS | Programmable CE & OE | 42DIP(44SOP) NOW 
| 1M x 16 Word/Byte Mode 
* KM23C16101B 2Mx8 120/150/200 | CMOS _ | Programmable OE 36DIP NOW 
* KM23C16000B(G) | 2M x 8/ 120/150/200 | CMOS | Programmable CE &OE | 42DIP(44SOP) NOW 
1M x 16 Word/Byte Mode 
KM23C16005A(G) | 2M x 8/ 120/150/200 ; CMOS | 8Word Page 42DIP(44SOP) NOW 
| Mx 16 (tP > 50) 
*KM23V16101A 2M x8 200/250/300 | CMOS /; 3.3V Operation 36DIP NOW 
* KM23V16000A(G) | 2M x 8/ 200/250/300 | CMOS j 3.3V Operation 42DIP(44SOP) NOW 
1Mx 16 
32M KM23C32110 4Mx8 150/200/250 | CMOS | Programmable CE & OE | 42DIP . NOW 
KM23C32000 2M x 16 150/200/250 | CMOS | Programmable CE & OE | 42DIP(44SOP) NOW 
KM23C32000G 4M x 8/ 150/200/250 | CMOS | Programmable CE & OE | 42DIP(44SOP) NOW 
2M x 16 
1 KM23C32101A 4M x8 120/150/200 | CMOS | Programmable OE 36DIP 4Q.'94 
TKM23C32110A 4M x8 120/150/200 | CMOS _ | Programmable CE & OE | 42DIP 4Q.'94 
1 KM23C32000A 2M x 16 120/150/200 | CMOS | Programmable CE & OE | 42DIP 4Q.'94 
1 KM23C32000AG 4M x 8/ 120/150/200 | CMOS | Programmable CE & OE | 44SOP 4Q.'94 
2M x 16 Word/Byte Mode , 
KM23C32005 2M x 16 150/200/250 | CMOS _ | 8Word Page 42DIP NOW 
KM23C32005G 4M x 8/ 150/200/250 | CMOS | 8word Page 44SOP NOW 
2M x 16 
1 KM23C32005AG 4M x 8/ 100/120/150 | CMOS | 8Word Page 44SOP 1Q.'95 
2M x 16 (tP > 30) 
+t KM23C32205ASG | 2Mx 16 100/120/150 | CMOS _ | 8word Page 70SSOP 20.'95 
| 1M x 32 | (tP > 30) | | 
64M Tt KM23C64000G 8M x 8/ 120/150/200 | CMOS | Programmable CE & OE | 44SOP 30.95 
4M x 16 Word/Byte Mode 
KM23C64200SG 4M x 16/ 120/150/200 | CMOS | Programmable CE & OE | 70SSOP 3Q.'95 
2M x 32 
* > New Product 
} : Under Development 
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2.6 EEPROM/FLASH 


Speed(ns) | Technology Features | Package —_| Remark| 


Density | | Part Number Organization 
1K bit KM93C46/G/GDA 64x16 1MHz CMOS | Self-timed 8DIP/8SOP Now 
KM93C46VVGNVGD/I 64x16 250KHz CMOS | 3.0V-Operation 8DIP/8SOP Now 
Ie bit KM93C56/G/GD/I | 428x16 | 1MHz CMOS _ | Auto Erase, Self-timed 8DIP/8SOP Now 
KM93C57/G/GD/I 128 x 16/256x8 | 1MHz CMOS | Select Organization 8DIP/8SOP 30,94 
KM93C56V/VG/VGD/I 428x16 | IMHz CMOS | 3.0V Operation 8DIP/8SOP Now 
KM93C57V/VGVGDA — | 428x 16/256x8 | 1MHz CMOS | 3.0V Operation 8DIP/8SOP Now 
4K bit KM93C66/G/GD/| 956x16 | MHz CMOS i Auto Erase, Self-timed 8DIP/8SOP Now 
KM93C67/G/GD/| 956 x 16/512x8 | IMHz CMOS _ | Select Organization 8DIP/8SOP 30,94 
KM93C66V/VG/VGD/I 256x16 | 1MHz CMOS; 3.0V Operation 8DIP/8SOP Now 
KM93C67V/VG/VGD/| 956 x 16/512x8 | IMHz CMOS _ | 3.0V Operation 8DIP/8SOP Now 
errag| is | 
64K bit | KM28C64A/AJ 8Kx8 120/150/200 CMOS _ | 64B Page Mode, D-P T-B 28DIP/32PLCC Now | 
KM28C64AI/Aul 8K x8 120/150/200 CMOS || Industrial 28DIP/32PLCC Now 
KM28C6SA/AJ_ 8K x8 120/150/200 CMOS _ | 64B Page Mode, D-P T-B R-B | 28DIP/32PLCC Now 
KM28C65AI/Aul 8Kx8 120/150/200 CMOS | Industrial 28DIP/32PLCC Now 
— 
KM28C64B/BJ 8Kx8 ‘0 20/150 CMOS | 64B Page Mode, D-P TB 28DIP/32PLCC 30,94 
KM28C64BIl/Bul 8Kx8 90/120/150 CMOS _ | Industrial 28DIP/32PLCC 30,94 
KM28C65B/BJ 8Kx8 90/120/150 CMOS _ | 64B Page Mode, D-PT-B, R-B | 28DIP/32PLCC 30,94 
KM28C65B//Bul 8Kx8 90/120/150: CMOS | Industrial 28DIP/32PLCC 30,94 
1M bit KM29C010/J/T 198Kx8 | 100/120/150 CMOS | 128B Page Mode, D-P T-B 32DIP/32PLCC Now 
16M bit | KM29N16000T/TS 2Mx8 tR= 15 us CMOS _ | 256B Page Mode 44(40)TSOP 30.94 
KM29N16000R/RS . tre = 80ns 4K Block Erase 
32M bit’ | KM29N32000T/TS 4Mx8 tR= 10 us CMOS _ | 512B Page Mode 44(40)TSOP 20.94 
' 1 KM29N32000R/RS trac = 50ns 8K Block Erase 
*D-P : Data-Polling, R/B : Ready/Busy, T-B : Toggle Bit 
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2.7 DRAM Card 


JEIDAVJEDEC | 5.0V | 2M Byte | KMCJ532512 | 512Kx32/1Mx16/ 60/70/80 | 88 Pin Two Piece | . Fast Page Mode 
KMCJ536512 | 512Kx36/1Mx18| 60/70/80 | 88 Pin Two Piece Operation 
4M Byte | KMCJ5321000 | 1Mx32/2Mx16 | 60/70/80 | 88 Pin Two Piece | . Low Power 
KMCJ5361000 | 1Mx36/2Mx18 | 60/70/80 | 88 Pin Two Piece | Consumption 
8M Byte | KMCJ5322000 | 2Mx32/4Mx16 | 60/70/80 | 88 Pin Two Piece | » RAS only and 
KMCJ5362000 | 2Mx36/4Mx18 | 60/70/80 | 88 Pin Two Piece Hidden Refresh 
16M Byte | KMCJ5324000 | 4Mx32/8Mx16 | 60/70/80 | 88 Pin Two Piece | . CAS before RAS 
KWc5324100 | 4Mx32/8Mx16 | 60/70/80 | 88 Pin Two Piece | Refresh 
| KMCJ5364100 | 4Mx36/8Mx18 | 60/70/80 | 88 Pin Two Piece 
3.3V | 2M Byte | KMCV532512 | 512Kx32/1Mx16} 60/70/80 as Two Piece 
4M Byte | KMCV5321000 | 1Mx32/2Mx16 | 60/70/80 | 88 Pin Two Piece 
KMCV5322000 | 2Mx32/4Mx16 | 60/70/80 | 88 Pin Two Piece 
16M Byte | KMCV5324000 | 4Mx32/8Mx16 | 60/70/80 | 88 Pin Two Piece 
ae, KMCV5324100 | 4Mx32/8Mx16 | 60/70/80 | 88 Pin Two Piece 


SRAM Card 


Speed(ns) Features 
150/200/250 


150/200/250 


[eae [women [oe 


PCMCIA/JEIDA | 5.0V | 512K Byte | KMCJ616256 | 256Kx16/512Kx8 
Standard KMCJ616512 | 512Kx16/1Mx8 


68 Pin Two Piece 
68 Pin Two Piece 


+ 8KByte Attri bute Memory 


+ Replaceable & Rechargeable Battery 


KMCJ6161000 | 1Mx16/2Mx8 


150/200/250 


68 Pin Two Piece 


+ High Speed : 150ns 
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3. CROSS REFERENCE GUIDE 


_ 3.1 Video RAM 


| sw fa oe | mm [mw [| 
256K = eakx4 | KM424C64 | MT42C4084 en | ee wpp4i26, | HM53461(2) | TMS4461 
1 PD42264 


js12K | Minimum | gaxxe | Km428054 


MT42C8128 | TC528128B HM538123A 


TC528129B 


o5eKx4 | KM4240256 —— = toe” a oo 
KM424C256A TC524256A HM534251A | SMJ44C250 

TC524256B HM534252 
10524257 | 
pe | TC528126A a TMS48C121 
TC528126B HM538121A | 
Extended | 256Kx4 | KM424C257 | MT42C4256 | TC524258A TMS44C251 
MT42C4255 | TC524258B HM534253A | SMJ44C251 
- | 705242598 SMJ44C251A 

mTa2cei2s | 105281284 | »PD42075 


128Kx8 | KM428C128 


Full 256Kx8 | KM428C257 | MT42C8256 | TC528267 »#PD482234 
KM428C258 | MT42C8254 #PD482235 


| Ful | ae@Kxxa2 | KM4216C256 | MTézcascKtet] = | 
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3.2 Static RAM 
Low power SRAM 


Den. Org. 


TOSHIBA MITSUBISHI NEC 


TC6565AL/AL-L M5M5165/L 
TC5§257BL/BL-L | M5M5255B-L/B-LL 


SAMSUNG | HITACHI SONY 


KM6264BL/BL-L | HM6264A/AL/AL-L_ | CXK5864B-L/B-LL 
32K x8 | KM62256CL/CL-L | HM62256AL/AL-L  / CXK58257A-L/A-LL 


64K x8 | KM68512AL/AL-L 
128K x8 | KM681000BL/BL-L | HM628128AL/AL-L | CXK581000/L 


#PD4364U/L-L 
#PD43256B/BL 


1M TC551001AL-AL-L | M5M51008/L #PD431000AL/ALL 
4M 512K x8 | KM628512 HM628512/L/L-L | CXK584000(1)-L TC554002 M5M54008L/LL #PD434000/L/LL 
Low power SRAM 
Den. Org. SAMSUNG HITACHI TSOHIBA NEC | OKI | MOTOROLA 
1M | 128Kx8 | KM65S812BA/AL/AL-L | HM658128A/AL/AL-L | TC518129A/AL/AL-L | y PD428128AVAL/AL-L| MSM548128 | MCM518128 
High Speed SRAM 


Den. Samsung Hitachi Cypress Micron | IDT Motorola | Toshiba 


MB81C74 | MT5C6404 | IDT7188. | mcMe28ec | Tc55416 | CXK5466 
acest [amuse [ain [orem _[nencon| was | ara owaC Tesea |_| 
IDT71256SA | MCM6206D | Tosszaa ee 


32Kx 86v) | KM68257C. | HM62832H | CY7C199 MT5C2568 
Lal 22K x88. | Kmesv2s7c | + mrsic25e8 | 107713256 | MCM62v0eD| TC55v328 
im | iMxi&) | KMt1001 CY7C1007 mrscioo1 | 10771281 | MCM6227B 
ee x4) | Kwesio01 | HvE242564 | CY7CI006 MTscio0s | T7102 | wcMe22an | CxK541 a 
256K x4(R) | KM641003 | HM674256UH MTEC256KGAt| 
128K x 8) | KMesioo1 | HM62681 ae crcia mTscioos | iorrie2a | Mome068 | CxK541020 
128K x BR) i MT5C128K8A1 = ; 
64K x 16(R) | KM6161002 cy7c108 MT5CB4K16A1 1C551664 
iM 4 [ee er MTSCIM4B2 | 70551402 
B12Kx8 | KM684002 MT5C512K8B2 
256K x16 | KMet64002 | MT5C256KX16 1 


S| 


MB82008 


MB82201 


ELECTRONICS 


MEMORY ICs a CROSS REFERENCE GUIDE 


BiCMOS SRAM 


| den | Oe | Samemung | Hecht Teeibe | Motor 
ae 256K x 4(With OE)-R | KM64B1003 {| TC55B4257 | MCM6729A 


128K x 8-R KM68B1002 TC55B8128 | MCM6726A 


IDT 


IDT61B298 


IDT71256 


IDT71B024 


Specialty SRAM 


| Org. | SMAMSUNG Motorola Micron Cypress 


KM741006 MCM67Q804 Po 
64Kx18 | KM718B86 MCM67B618 CY7C1034 
KM718B90 De yee pe MT58LC64K18M1 


Ic 


Ww 
ICW73B596 


KM718BV87 MCM67H618 MT58LC64K18B2 
KM718BV90 Pe MT58LC64K18M1 
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3.3 MASK ROM 
256K KM23C256 HN623257P LH23255 M5M23256P_ =| MB83256 CXK38256 
HN623258P LH53259 
pa es 
512K KM23C512 TC53512C LH53514 MB83512 
LH53515 _{ 
1M KM23C1000 | uPD23C1000A | HN62321P TC531000C LH231000B . | M5M23C100 | MB831000 CXK381000P 
HN62321BP LH531000A M5M231000 MB831124 
HN62331P 
KM23C1001 | uPD23C1010A | HN62321EP M5M231001 
HN62331EP 
KM23C1010 | uPD23C1001E | HN62321A TC531001C LH231100B 
uPD23C1000E | HN62331A LH530800 
KM23C1011 | uPD23C100EA At LH530900 
2M KM23C2000A | uPD23C2001 | HN62302B TC532000A LH532300 MB832000 CXK382001 
LH532100B MB832001 
KM23C2001A LH532200B 
LH532400 
KM23C02100A | uPD23C2000 | HN62412P LH532000B 
uPD23C2000A | HN62422P LH532500 
re KM23C4000B | uPD23C4001E | HN62335 TC534000A LH534100B M5M23C401AP | MB834000A =| CXK384001 
HN62344B 
KM23C4000C HN62335 
HN62344B MB834000AL 
KM23V4001B HN62W335B 
KM23C4001B LH534300 
LH534400 
KM23C4001C LH534300 
LH534400 
KM23C4100B | uPD23C4000 | HN62404P TC534200 LH534000B M5M23C400AP | MB834100A 
uPD23C4000A | HN62414P LH534500' MB834200A 
HN62424P . 
HN62444P 
KM23C4100C | uPD23C4000 | HN62404P LH534000B MB834100AL 
uPD23C4000A | HN62414P LH534500 
HN62424P 
HN62444P 
KM23V4100B HNW15 
KM23C4200B 
KM23C4200C 
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3.3 MASK ROM (Continued) 


Samsung | NEC | Hitachi | Toshiba_| Sharp | Mitsubishi | Fuitsu | Sony 
8M KM23C8000B | uPD23C8001E | HN62318B TC538000A | LH538100 M5M23801P | MB838000 CXK388000 
LH538200 
KM23C8000C | uPD23C8001E | HN62318B LH538100 M5M23801P | MB838000 
LH538200 
KM23V8000B HN62W328B 
KM23C8001B 
KM23C8001C 
KM23V8001B 
KM23C8100B | uPD23C8000 | HN62418P TC538200A | LH538000 M5M23800P | MB838200 
KM23C8100C | uPD23C8000 | HN62428P TC538200A | LH538000 M5M23800P 
KM23C8105B 
_| KM23V8100B | | + MB838200L 
16M =| KM23C16101A 
KM23C16101B 
KM23V16101A 
KM23C16000A | uPD23C16000 | HN624316P | TC5316200A | LH53160000 | M5M23160P | MB831620P 
KM23C16000B | uPD23016000 | HN624316P | TC5316200A | LH53160000 | M5M23160P | MB831620P 
KM23C16005A M5M23168P 
KM23V1 6000A | HN62W4116 
[sav KM23C32000 | uPD23C32000 = LH5332000 
KM23C32000A | uPD23C32000 LH5332000 
KM23C32005 
KM23C32005A 
KM23C32205A 


tie 
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3.4 EEPROM 
*Serial I/O EEPROM 


Density 
1K 


2K 


*Parallel EEPROM 


[oes [Sona 


64K 


KM28C64A 


KM28C65A 


Xicor 
X2864A/B 
X28C64 


_ Seeq 
DQ28C64 


DQ28C65 
DQ2864 


KM28C64B 


X2864A/B 
X28C64 


DQ28C64 


KM28C65B 


DQ28C65 
DQ2864 


AT93C46 


AT93C56 


Exel 
XL2864 
XL28C64A 
XL2865 
XL28C65A 


Atmel 
AT28C64 


HN58064 


HN58C65/66 


XL2864 
XL28C64A 


AT28C64 


HN58064 


XL2865 


XL28C65A 


HN58C65/66 


KM93C46_ | NMg346 | XRM93C46A 
KMesc4ev | NMS3C46L 

KM93cs6 | NM93C56A | XRM93C56A 
KM93C57 e3cs6 | ST98C56 | CAT36C102 

KMescsev | NMG3C56L_ BR93C56B 
KM93C57V 

KMesces | NMe3ces | XRM93C66B BR9SC66A 
KM93C67 93066 CAT35C104 

| Kmescesy | NM93cé6L BR93C66B 
| KM93C67V CAT33T104 


MSM28C64A 


MSM28C64A 


AT93C66 
| PR 


Catalyat 
CAT28C65A 


CAT28C65A 


CAT28C65A 


CAT28C65A 


Prams 
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3.5 Flash 


eto eee Pe Pe 
a 

a a ae a a 
(a [rowneznn ressertmm [ET 
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4, ORDERING INFORMATION 
4.1 DRAM 


KM 4 X X XXXXX X X X — XX 


DRAM | | SPEED 


°6 : 60ns 

ORGANIZATION e7 : 70ns 
Fe °8 : 80ns 
cau 10: 100ns 
© 8: X8 
e 9: x9 PACKAGE 
°16: X16 
°18: X18 er 
© 32: x32 *J: SOU 

eZ: ZIP 
PROCESS & POWER eT: TSOP II (TR: Reverse) 


eC: CMOS, 5V eV: TSOP I (VR: Reverse) 


°V: CMOS, 3.3V 


POWER LIMITS 


DENSITY *BLANK: NORMAL 
: LOW R 
Refer to the previous chapter 2 (Product Guide) os Ecc ay, POWER 


eLL : SELF REFRESH 


DIE REVISION 


*BLANK: NONE 

eA : FIRST REV. 
°B : SECOND REV. 
°C : THIRD REV. 
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* NEW DRAM ORDERING SYSTEM 
This new DRAM ordering system will be used for all SAMSUNG's DRAM products in ‘95. 
In ‘94 DRAM Databook, only used for 16M Byte Word Wide 2nd Gen. and 64M DRAM. 


1 2 3 4 5 6 7’ 8 9 
KM 4 AA B cCCCCC D E - F GG 
SAMSUNG 
Memory Speed 
DRAM : 
Organization — Power(DC Current) 
Product 
Density & Mode/Feature 
Revision Package Type 
1. SAMSUNG Memory 7. Package Type 
; J rnceenennenennnnnneennnennne SOJ 
2. DRAM(4) T wensensnnnneneeenensnnnenen TSOP II (Forward) 
. R ------ fern ewennmanncnenenennn TSOP Il (Reverse) 
3. Organization Vee soe TSOP | (Forward) 
; (Gee ERE RO RnR RTE a x1 U -------0-----nn nnn nn ne nenee TSOP | (Reverse) 
A wna nnn nen nn nnn en en nn nnn nn ence cen ene nnens x4 | a ono SOJ(Shrinked PKG,SOVJ) 
@ ----------------- nn --------- en eenen ened x8 G wnewn nnn ennnnnnnnenennenc ene TSOP Il (Shrinked PKG, Forward) 
Q wernncwnnnenennennuncenccscenesennnenne -x9 W wnnnnncnnnnencenenneenennene TSOP II (Shrinked PKG,Reverse) 
16 ------------2-cene-na-enennncneceeceee- x 16 
VB aseteneeenenestesncs eee nanentnmes x 18 8. Power(DC Current) 
BQ wn-n--nnnnnnnnnnenewcerennnnenncnannnnwce x 32 Blank ---------------------------------- Normal 
| -wnenvnnnn nnn nnn ewe nnnnnnenenceneenennne Low power 
4. Product H wn--2rnnnennnnnnncennn nanan nennennnnnee Super Low power 
C nncernnnennnnnnnnnonenncocreneonenennns 5V F wnnnnnnnnnnnnnnnnnn nnn nnnennennnnnn anna Self Refresh with L.P 
1 3.3V 
9 . Speed 
2 50 ns 
5. Density & Mode/Feature (Same) - 6 -------------- 60 Ns 
oy ee 70 ns : 
6. Revision i: aa 80 ns 
Blank ---------------------------------- 1st Gen. 
A www nnenen nena nnn nn nn enwe nn enn ene eeennen 2nd Gen. 
B wnnnn nnn nn-nnnnnnnn nn nnen ene nn nae ecenene 3rd Gen 
© ~nnn-nnnn nn nne nana neem nen en enero ree ncee 4th Gen. 
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4.2 DRAM Module 
1 2 8 4 5 6 78 9 101112 13 14 15 16 


KM M AA BBB C DDDEFGHIJKLM- NN 


SAMSUNG 
Memory 


Module 


Speed 


Lead Finish & Customer 


Onlyx32 or x33 PCB 
Memory Type & 


Edge Connector Number of Components 


Organization PCB Revision 


Process & Power 


Package Type 


Density Component Revision 


Operation Mode & Organization 


Power Consumption 
1. SAMSUNG Memory 9. Operation Mode & Organization 
2. Module 6 a F/P 
3. Memory Type & Edge Connector 2) Nibble 
era FLASH aD cece rec cece cereccece Static Column 
-2 a Mask ROM i, eee ee Using Quad CAS 
ee er ae DRAM DIMM Brie ele Aigo Maia 6 Sigtaietas Using EDO 
oy. ae DRAM SIP : = eee e eee eens Using EDO & Quad CAS 
Sr DRAM SIMM SS Using Non Memory Logic 
i SRAM oo Using Non Memory Logic 
SY A Pseudo SRAM & Quad CAS 
2 ASSP 10. Component Revision 
°c reas VRAM -Blank «-++--2scseeeees None 
4. Organization Se First Rev. 
Sy)! x8/x9 bit wide > a Second Rev. 
BAGG ihvotas chgncs eaeeale x18 bit wide EC iad eee tte are esters Third Rev. 
32/33 vs rere e cree ee ees X32/x33 11. Package Type 
-B6/40 - cree cece ec neee x36/x39/x40 -Blank ---- +++ eee e eres SOJ or PLCC 
a 3) re x64/x66 Tate aire tas Ouse Saleuimets's TSOP 
72/80 s+ errr reer eee ees x72/x80 12. PCB Revision 
os 7-7. x144 bit wide -Blank «----- eee eeeeee None 
5. Process & Operation Voltage a First Rev. 
-Blank --:+- eee eee eee CMOS 5V MD rc eee c reer eee n eens Second Rev. 
Nidan speedos ginaes CMOS 3.3V Ds ese ties where ea sare Da Third Rev. 
> Sync 3.3V 13. Number of Components 
6. Density -Blank +++ +--+ essere eee more than 7 chip 
Ss |. 16M SN ee a less than 8 chip 
ce 8M oe O eee err ra Byte Wide Base 
oy ee 4M 5 || ii Word Wide Base 
Deriisamitegies Milaaayes 2M 14. Only x32 or x33 PCB 
es Weiae lees 2M AY x32 or x33 PCB 
So) |) 512K 15. Lead Finish & Customer 
Le) o 256K -Blank --- +--+ seer tees Solder 
7. Refresh (16M DRAM Based) Ge ecieedievalgenes ois Gold 
EO pie since Sirs aes Meats 4 4K ED ised DEC Bee Nickel 
cr 2K -H -+---- HP = @ ee Compaq 
BD alot als lapniste Wake tas te 1K  EMeee es IBM i ne Cambex 
8. Power Consumption 16. Speed 
0 Normal So 50ns 
AD vere erence esc ceceees Low Power = oe ereee Bias eet ejecbr bn 60ns 
oo re Super Low Power oy ee 70ns 
Do Self Refresh Ss 80ns 
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4.3 VRAM | 
KM 42 X X XXX XX X — XX 


VRAM | SPEED 


¢ 6: 60ns 
* 7: 70ns 
ORGANIZATION * 8: 80ns 
° 4X4 * 10: 100ns 
« 8: X8 ; 
° 16: X16 


PACKAGE 


¢ P: DIP 

e J: SOU 

eZ: ZIP 

°T: TSOPII 

* TR: TSOP ] Reverse 


‘PROCESS & POWER 


¢ C:CMOS, 5V 
« V: LOW Vcc CMOS, 3.3V 


DENSITY 


° 64K 
¢ 128K 


DIE VERSION 
° 256K 


* A: SECOND-VER 
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4.4 Static RAM 


KM XX X X X XXXX X X X X- XX X X 


MEMORY COMPONENT 


DEVICE TYPE 


« 6: SRAM(Async.) 
¢ 65: Pseudo SRAM 
¢ 7: SRAM(ASSP) 


ORGANIZATION 


© 1: x 1bit 

« 4: x 4bits 
«2or8: x 8bits 
¢ 9: x Obits 

° 16: x 16bits 


TECHNOLOGY 


* BLANK: CMOS 
* B: BICMOS 


OPERATING Vcc 


« BLANK: 5.0V 
¢ V: 3.0 or 3.3V 


DENSITY & OPTION 


* 64: 64K Slow 

¢ 65: 64K Fast 

* 66: 64K Fast(with OE) 

¢ 256: 256K Slow 

° 257: 256K Fast 

* 258: 256K Fast(with OE) 

© §12: 512K Slow © 

¢ 513: 512K Fast 

* 1000: 1M Slow 

¢ 1001: 1M Fast 

* 1002: 1M Fast(Revolutionary) 

* 1003: 1M Fast(Revolutionary, with OE) 
* 1005: 1M Fast(Sep.//O) 

* 1006: 1M Fast(Sync.,Sep.I/O) 

* 86 : 1M Sync. linear Burst, No Glue 
¢ 87: 1M Sync. linear Burst, Glue 

¢ 90 : 1M Sync. Interleave Burst, No Glue 
* 4000: 4M Slow 

¢ 4002: 4M Fast(Revolutionary) 

* 8128: 128K x 8 Pseudo SRAM 

* 8512: 512K x 8 Pseudo SRAM 


en 
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4.4 Static RAM 
VERSION . OPERATING Vcc 
* BLANK-A—B-—C ¢ BLANK: 5.0V 
Ps ¢ V: Wide Voltage 
POWER LIMITS 
PACKAGES - « BLANK: High Power 
: « L: Low Power 
« P: DIP 
-G: SOP . « L-L: Low Low Power 
e J: SOJ or PLCC 
« T: TSOP(Standard Type) 
- ¢ R: TSOP(Reverse Type) 
OPERATING TEMP SPEED 
¢ BLANK: Commercial . Slow Fast 
* |: Industrial » 5:55ns ° 8: 8ns 
+ 7:70ns + 9: Ons 
¢ 8:80ns ¢ 10: 10ns 
+ 10: 100ns * 12: 12ns 
° 12: 120ns * 14: 14ns 
¢ 15: 15ns 
° 17: 17ns 
¢ 19: 19ns 
¢ 20: 20ns 
¢ 24: 24ns 
« 25: 25ns 
¢ 30: 30ns 
¢ 35: 35ns 
¢ 45: 45ns 
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4.5 MASK ROM 


MEMORY SPEED 
. ¢ 10: 100ns 

DEVICE TYPE ¢ 12: 120ns 

: ¢ 15: 150ns 
+ 23 : MASK ROM cone sare 
PROCESS & POWER PKG 
*C: CMOS, 5V 

* BLANK: DIP 
*V: CMOS, 3.3V -Q:SOP 
DENSITY «SG: SSOP 
+ 256: 256K 
° 512: 512K VERSION 
* 121M 
eee + BLANK—-A—B-=C 
- 4 24M 
Ge | TYPE & MODE 
* 16:16M * 0: COMMERCAL 
¢ 32 : 32M «1: Multi OE . 
« 64 : 64M ° 5: PAGE MODE 


ORGANIZATION 


+00 :x 8 bit (1M 28DIP, 2M, 4M, 8M) 
x 16 bit (16M, 32M, 64M) 

»01 :x 8 bit (1M 32Pin) 

+10 :x 8 bit (16M, 32M, 64M) 
x 16 bit (2M, 4M, 8M) 

11 :x 8 bit (32M 42DIP) 

+ 20 :x 16 bit & EPROM TYPE PIN OUT (4M) 
x 32 bit (16M, 32M, 64M) 


* Internal KF - CODE Inforamtion 


MASK ROM : Intermal Ver. NO. 
DENSITY SERIAL NO. 
«4 :1M PRODUCTION LINE 
Sea °1:LINE 1 

: °2:LINE2 
pe 3:LINE3 
“6 : 16M 3: LIK 
eW: 32M 


<< : 
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4.6 EEPROM 


*Serial EEPROM 


93 : Micro Wire Type . 


KM 93 © XX X XX X 


= BLANK: Commercial 


: Industrial 


CMOS Process Blank : DIP Package 
G : SOIC PKG 
DENSITY GD : SOIC PKG,DIP pin Conf 
46 : 1K Bit 
56 : 2K Bit Blank : 5V Operation. 
57 : 2K Bit,x8/x16 Select V : 8V Operation. 
66 : 4K Bit : 
67 : 4K Bit,x8/x16 Select 
*Parallel EEPROM 
KM 28(29) C XXX X X XK - XX 
28 :Pallel EEPROM ae SPEED 
29 : Flash Memory 9 : 90ns 
10: 100ns 
CMOS Process 12: 120ns 
15: 150ns 
Density 20 : 200ns 
64 : 64K Bit 
010 : 1M Bit BLANK : Commercial 
| : Industrial 
Revision 
Blank : 1st Gen. Package 
A : 2nd Gen. Blank : DIP PKG 
B : 3rd Gen. J : PLCC PKG 
T : TSOP | PKG 
4.7 Flash 
KM 29 N XXXXX X X 
Flash Memory be BLANK : Good Block=502~511 
Ss : Good Block=512 
NAND Type (CMOS) 
Package 
Density T : TSOP Forward Type 


16000 : 16M Bit. R : TSOP Reverse Type 
- 32000 : 32M Bit. 


64000 : 64M Bit. 
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4.8 Memory Card 


KM C W W WW XXXX YYY - 2Z 


SAMSUNG MEMORY 


CARD 


CARD STYLE 


- J: PCMCIANEIDA/JEDEC STYLE(5.0V) 
- V: PCMCIA/JEIDA/JEDEC STYLE(3.3V) 


MEMORY TYPE 


SPEED 


¢06:60ns +15: 150ns 
°07:70ns_ » 20: 200ns 
¢08:80ns +25: 250ns 


e 5: DRAM Card 
¢« 6: SRAM Card 


CUSTOMER CODE 


MEMORY DATA WIDTH 


- 8: 8Bit °16:16Bit + 18 :18Bit 
°16:16Bit +32: 32Bit + 36: 36Bit 


COMPONENT COMPOSITION 


¢ BLANK: x 411 BASE 
- W: BYTE-WORD WIDE BASE 


DIE(COMPONENT) REVISION 


DENSITY & MODE/FEATURE 

¢ DRAM Card » BLANK : NONE 
4100 : 4M Bit F. Page, 2K refresh ¢ A: FIRST REV. 
4000 : 4M Bit F. Page, 4K refresh « B: SECOND REV. 
2000 : 2M Bit F. Page, 1K refresh ¢ C: THIRD REV. 


1000 : 1M Bit F. Page, 1K refresh 
512 :512K Bit F. Page, 1K refresh 


« SRAM Card 
1000 : 1M BIT 
512 : 512K BIT 
256 : 256K BIT 
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KM41C1000C/CL/CSL 


CMOS DRAM 


71M x 1 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


« Performance range: 


KM41C1000C/CL/CSL-6 
KM41C1000C/CL/CSL-7 
KM41C1000C/CL/CSL-8 


eons [ters | Hom | 


Fane |e [on | 


* Fast Page Mode operation 
« CAS-before-RAS refresh capability 
« RAS-only and Hidden refresh capability 
¢ TTL compatible input and output 
« Single 5V+10% power supply 
« Refresh Cycle 
— 512 cycle/8ms refresh (Normal) 
— 512 cycle/64ms refresh (L-version) 
— 512 cycle/128ms refresh (SL-version) 
« Power Dissipation 
—Standby : 5.5mW (Normal) 
1.1mW (L-version) 
0.55mW (SL-version) 
— Active(60/70/80ms) : 385/358/330mW 
- 256K x 4 fast test mode 
¢ JEDEC standard pinout 
¢ Available in plastic DIP, SOJ, ZIP, TSOP(), 
TSOP(II) and PLCC Packages 


FUNCTIONAL BLOCK DIAGRAM 


aD 
> 
an 


CONTROL & 


[?) 
Sl a 


Ao 


ROW DECODER 


ADDRESS BUFFERS 


Ag 


REFRESH CONTROL & 
ADDRESS COUNTER 


Bi COLUMN DECODER 
a 


SENSE AMPS & I/O 


MEMORY ARRAY 
1,048,576 Cells 


GENERAL DESCRIPTION 


The Samsung KM41C1000C/CL/CSL is a CMOS high 
speed 1,048,576.x 1 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as minicomputers, graphics and high 
performance microprocessor computers. 


The KM41C1000C/CL/CSL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and output 
are fully TTL compatible. 


The KM41C1000C/CL/CSL is fabricated using 
Samsung's advanced CMOS process. 
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PIN CONFIGURATION (top views) 


- © KM41C1000CP/CLP/CSLP + KM41C1000CJ/CLJ/CSLJ »* KM41C1000CZ/CLZ/CSLZ - KM41C1000CT/CLT/CSLT 


—_ 


* KM41C1000CTR/CLTR/CSLTR + KM41C1000CG/CLG/CSLG 


Address Inputs 


Data In | 
Data Out _| 
Read/Write Input 

Row Address Strobe 
Column Address Strobe 
Test Function 
; Power (+5V) 
Ground 


No Connection | 
No Lead 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative toVss 
Voltage on Vec Supply Relative to Vss - 
ee 
Short Circuit Output Current 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to abso- 
lute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CON DITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Supply Voltage 


Ground 
Input High Voltage 


Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


aramater YS i | a [Uri 


Operating Current’ KM41C1000C/CL/CSL-6 70 mA 
pon . ; wee KM41C1000C/CL/CSL-7 Icc1 65 mA 
(RAS and CAS, Addréss Cycling @trc=min.) KM41C1000C/CL/CSL-8 60 iA 


Sendoy Gen EEA) ——SSSC~sCim | || 
mA 


KM41C1000C/CL/CSL-6 70 
KM41C1000C/CL/CSL-7 Icc3 65 mA 
60 mA 
55 mA 
Icc4 50 mA 
45 
1 


RAS-Only Refresh Current* 
(CAS=Vin, RAS, Address Cycling @trc=min.) 


KM41C1000C/CL/CSL-8 _ 


KM41C1000C/CL/CSL-6 
KM41C1000C/CL/CSL-7: 
KM41C1000C/CL/CSL-8 


Fast Page Mode Current* 
(RAS=Vit, CAS, Address Cycling @tec=min.) 


mA 

KM41C1000C mA 

PAS_CAS_WVoo-0 is KM41C1000CL Ices 200 | pA 
es cared ars KM41C1000CSL 100 | uA 
mA 


aa a ; KM41C1000C/CL/CSL-6 70 
FAS and CHS Gy peg sald KM41C1000C/CL/CSL-7 Ico 65 | mA 
Ne eres KM41C1000C/CL/CSL-8 60 


m 
Battery Back Up Current 
Average Power Supply Current, Battery back 
up Mode (CAS=CAS-Before-RAS Cycling or KM41C1000CL Ke 200 | BA 
0.2V, W=Vcc-0.2V or 0.2V, Ao~Ag= KM41C1000CSL 100 HA 
Vec-0.2V or 0.2V, Din=Vcc-0.2V, 0.2V or 
OPEN : trc=250«S, tras=tras min.~14S) 

Input Leakage Current 


A 
Output Leakage Current (Data out is disabled, 0<Vout< Vcc) 
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DC AND OPERATING CHARACTERISTICS (continued) | 


arametar—* S| in [Ma | Uri 
Output High Voltage Level (loH=-5mA) | vor | 24 | - | Vv 
Output Low Voltage Level (loL=4.2mA) | vo | - | oa | Vv 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. icc is specified as average current. Icc1, Icc3, Address can be changed maximum two times 
while RAS=ViL, Icca, Address can be changed maximum once during a Fast Page cycle. 


CAPACITANCE 1=25°C, Vcc=5v, f=1MHz) | 


—arametor «Sambo [in Max [nt 
Input Capacitance (D)- pF 

input Capacitance (Ao~Ag) 
Input Capacitance (RAS, CAS, W) 
Quiput Capacitance (Q) 


xe] 
mn 


coe me) 
nny; 7 


AC CHARACTERISTICS ’c<Ta<70°C, Voc=5.0V+10%, See notes 1,2) 


Random read or write cycle time 


Read-modify-write cycle time 
Access time from RAS 
Access time from CAS 

CAS to output in Low-Z 
Output buffer turn-off delay 


s|igis|gisig 
eRe FT € | 


> 
wy 
n 
= 
. ; a | oa 
ow | — an = |p wo} 
oO ;|n (oo) nians)o [ée) o;oO 


os 
jo} 
baal 
n 


i 


Transition time (rise and fall) 
RAS precharge time 
RAS pulse width 
RAS hold time 
_|CAS hold time 
CAS pulse width 
RAS to CAS delay time 
RAS to column address delay time 
CAS to RAS precharge time 
Row address hold time 


Column address set-up time 


> 
Ps) 
5 


q| a | 
n 
x= 


g 
n 


Column address hold time 


Column address to RAS lead time 


Read command set-up time 
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AC CHARACTERISTICS (Continued) 


Read command hold time referenced to CAS 


' 
: 


3 
an 
oO 


oo 
Pe) 
© 
x 


Read command hold time referenced to RAS 
Write command hold time 


ot 
Pel 
Pe] <= 


Write command hold time referenced to RAS 


z 
a 


Write command pulse width 
Write command to RAS lead time 
Write command to CAS lead time 
Data-in set-up time 


oO 


Data-in hold time 


Data-in hold time referenced to RAS 


os fo [oe lo fee fot 
D i=] i=] i=] (?} Bs] 
m x= ai ” 


gz la 

© 

GS i]a!|" 
> —_ — — a eS —s 
oO oO; Tn a a m1 | Oo io) 


Refresh period (Normal) 


+ 
P2) 
nn 


Refresh period (Low power) 

Refresh period (Super Low power} 

Write command set-up time 

CAS to W delay time 

RAS to W delay time 

Column address to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS precharge to CAS hold time 

CAS precharge time (C-B-R counter test cycle) 


a 
= 
5 


Sis se 
r/o |= 
D2 ipdgisc 


s+ 
poo) 
uU 
QO 
Sa 
an 


nN 


Access time from CAS precharge tCPA 

Fast Page mode cycle time 
Fast Page mode read-modify-write cycle time 
RAS pulse width (Fast Page mode) 
RAS hold time from CAS precharge 


CAS precharge time (Fast page mode) tcp 


—_ 


0 


— 
Oo 
oa 
~A 


ELECTRONICS 


KM41C1000C/CL/CSL 


CMOS DRAM 


NOTES 
1. ‘An initial pause of 200us is required after power 
up followed by any 8 RAS cycles before proper 
device operation is achieved. 


2. Vin(min) and V\(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vin(min) and V\(max), and 
are assumed to be 5ns for all inputs.’ 


3. Measured with a load equivalent to 2 TTL loads and 
100pF. 


4. Operation within the taco(max) limit insures that 
trac(max) can be met. trcp(max) is specified as a 
reference point only. If taco is greater than the 
specified tacp(max) limit, then access time is con- 
‘trolled exclusively by tcac. 


5. Assumes that tacp> trco(max). 
6. twor, tour are referenced to taap(max). 


7. This parameter defines the time at which the out- 
put achieves the open circuit condition and is not 
referenced to Von or Vo. 


8. twos, trwo, tewo and tawo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twos >twos(min) the cycle is an early write cycle and 


TIMING DIAGRAMS | 


READ CYCLE 
AAS Vip— 
Vit— 
ViH— 
CAS Vit— 


tasr 


Vin— © —1— KA?) i 
an RE avons PROX x ssones JR 


tacs 


the data output will remain open circuit throughout 
the entire cycle. If. tewo>tewo(min) and trwo> 
tawo(Min) and tawo>tawo (min), then the cycle is a 
read-write cycle and the data output will contain 
data read from the selected cell. If neither of the 
above conditions are satisfied, the condition of the 
data out is indeterminate. 


9. Either tacn Or taay must be satisfied for a read cycle. 


10. These parameters are referenced to the CAS leading 
edge in early write cycles and to the W leading hay 
in read-write cycles. 


11. Operation within the tran (max) limit insures that 
trac (max) can be met. tran (max) is specified as a 
reference point only. If trap is greater than the 
specified trao (max) limit, then access time is con- 
trolled by taa. 


12. Normal operation requires the “‘T.F” pin to be con- ~ 
nected to Vsg or TTL logic low level or left uncon- 
nected on the printed wiring board. 

13. When the “T.F” pin is connected to a defined posi- 
tive voltage, the internal test function may be acti- 
vated. Contact Samsung for specific operational 
details of the “test function.” 


14. Ina test mode read cycle, the value of trac, tcac, 
taa is delayed for 3ns. 


tro: 


tRAS 


OY XO OXY OXY XXX 
sesltaateateate alta attateatetataete % 


tRRH 
tRCH 


= 
il WKN Oy L__ RO 
WwW Ve XR SS, tan seecteltatsietet 
trac toFF 
Vv ae . V. CID 
ne A 
oh 


KX DON’T CARE 
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TIMING DIAGRAMS (continuea) 
WRITE CYCLE (EARLY WRITE) 


trac 
t 
ans Vit RAS 
trp 
tcrp 
Sen 
tasR 
~  Vin— ARK ROW = (xX) COLUMN OXXXXARAAAAAK AK KKK YY 
nT PRO aomness PRXWR Reontss DORR KD 
— Vip— (XX KY X xXXXXK (x YXXK KX XXX XX XXXXKK KX KX YYKX KK XK 
w Vir— OY ‘o POOR OP 
ae eas 
twcr-—+ 
tos r— ~=—s f= ton 
Vin KKK KKK KKK XX KKK KKKKKAAKAR? TAKAXKK KX KKK 
° Vin PRR _ATA___ ARORA Y 
7 toHR 
Q ae OPEN 
READ-WRITE/READ-MODIFY-WRITE CYCLE 
trwe 
tRAS 
RAS 
trp 
tcrp 
CAS 
Vir— AAW RO KKK) 
A vice vy \ SS ©, SY 
pa. Vin— AADQOQOOOQOOON y FA OA AVA AVA AV AVA AAA, 
WH ORR IRY 7 XX KX KRY 
tcac twp torr 
VoH— ee KXX) VALID 
a cage on i 
{RAC tos tbH 
Vin— OKKKK KK KKK KK KX \K/ XK XK KK YXKKKKK YX) VALID OXY XXX XY XX XXXX KK X 
8 Vit— NSO SOOM SD brbebditiils L tare KRY KK REY 
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TIMING DIAGRAMS (continued) 


FAST PAGE MODE READ CYCLE 


trasP 
= ee 
IL— 
tcsH . tRSH 
— teas tcp tcas ; tcas r 
mE N ee os a) a 
Vit— xX 
tasr hi le tasc lim 
A Vip— (SX) % WKXXKXXXXX) ANKK XN % E> f KK KKXXKKKKEKK KKK 
Vi-— YVR Add ANY ADD AX OOOO, ADD ANXAAXK LY ADD OX KK 
cid la ap CPA CPA Tac 
| tran be trac taa i torr taa ieee 
Vin— tcL7 Re ware" tcLz BRERA 
Gee OPEN GOOROM at RK dain Pte Dang 
. trcs ; tRRH 
trcs tRCH ae 
= Vin— RO 
Ww Vit— YOY 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


RAS Vit— . : 
| tcsH tec 
tcas tcp tcp 
trcp 
; tcas tcas 
Aas Vin— ; 
: ViL— ae a) 
tasc [7] tRAL— 
tasR tcaH tcaH 
Viq— “Y. [Row “WA i) (| 8) AY COL (XX) COL QR 
A Vu YON ADD INYYN | 0D DY { (585) RIK 585 SERNA 
‘ie tWCH 
twer twcs twes twcH 
i 7 i J 
Vin— AARAAKAKAAAAYY 9, a OMKYYVYYYWYWVVVY 
Tove EN _ KY fn | AKO 
. tos | | tbH 
Vin RY 46% X\ AAAAAKAMAAAAAA 
0 va BONAR vas oara JRO veto ova AUX vato oar RAISIN 


tDHR 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ-WRITE CYCLE 


trap 


. tRASP 
ese, IH - 
RAS r 

}— tcsH {RSH 

tpRWC 
tt— tcrP 
+—"ee {cas top. goa oa 
tcAS——} 
oS \ iT 
AL - 
ee tra_——| _|-] 
tasR 'caH PASE «1 SCAH 
AIBN ow a00 ER is in 100 HARK cor 100 KERRI 
Vit - XY OO ) XY XY) XXXX OOQQYY 
fen tcwod tcwD tcwo | 
tow. towt 
ee = tcwL 
trcs ate LAW — er ea tRWL+4 
_ VIH - FAKAKKAKK AAG VAVAWAVAVAVAT WAGs 
(X) XY) OXXXXXXXXX? 
Fn KY MN OOK 
twp twP 
|. trwp-——-+--— 
toH tbH 
tos ns fl 
D Vin - YX YW/YVV/ YYYYXKY XS VALID YY YK KY ALIDAY YY Y ¥ YX ALID XY KX KX KK) 
vic RRR AKIN Ca XXX RONAN KKK AIA AL XRXXRKANK 
teiz 
toz aaa xtciz }—- 
ie tcac tcac —{— tcac 
taa tAa taa— 
tRAC | tcPA non tcPA 


Vou - F, VALID AY VALID AA VALID 


toFF torr torr 
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TIMING DIAGRAMS continued) 


RAS-ONLY REFRESH CYCLE 
Note: CAS = Vin, W,D, Ao = Don’t Care 


CNG GERITEEE «intiuesiianinninannennennnane’ 
‘ Vir PER RR RO H._ROW ADDRESS _OXYXOXXOOXIY OO KS 


Q VoH— 


OPEN 
Vo_— 


Be) 
n 


. pa =o 
Vin— Y 


F998 GOGOL. 40,990 6,0,0,0,0,9,9,9,9,0,0 460.64 
Vit 5050 ( fooness ADDRESS WYK QO YOOX) 


fe) 
a 
< 
3 
| 
> 
on 
pel 
a 
> 
=x 


> 


DAA O44 


ViH— 


REXAR RRR AXAKAKKRARKRARARKAKKKK AKA AAAK 
re OOOO L_ | ink oa RERIAAN OA N ANN KANNAN 


S| 


MAAASLA 


: VoH— 
VoLt— 


RS SIN 
Xx LY, ¢. 


OOOO Oraennnede: 


RR DON’T CARE 
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TIMING DIAGRAMS Continued) 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


trp 


tras 


= Vin— tRSH 
ViL- 


ee : Vin - 
VIL o~ 


tasc 
= 
Vit-— RAAAAY CA AAAAAAAAAY CAA AAAAA ADAAAAAAAA 
OO LED NN 
Ba 


> 


> COC" 
vir QQ KK OOOO QOD 


READ CYCLE ce 


Q Vou— ¥ 


% 
Vou— XK VALID DATA 
a = 7 xi 
ie E 


KQOOOO 


iA 


S| 


Vin — AL AASAALS/V\/ V7 JS AVS A ASVSANg 
Vie OREO tacn RX 
WRITE CYCLE 
Q Vor — n ce ee 
Vo.- . ime 
twcs Hee twcoH Lo . 
: Vie OOK KKK ERROR KK 
tos 
Vin- AAAS AAS/VS//Vf JS ASVAAA/S/VA) OU AV AF A IW A WO A I OU VW A AV 
: Vie RRR KR RR va Da PRO ORKR 
READ-MODIFIED WRITE CYCLE i torr 
6 Vou — AX vaio vata Sj 


ie 


twp 
VE Vin - A A/LASSASP AAJA A/S/AASSASf —A A/S PALA S//VA/V/ 
" Vim ORR RR KRY ARR 
tos t DH 
Vin - AJ AALS AV7Y SV JAASSJAASAAJAJAA/AM PAA JV JVfV/VfV/VfV/ 
D Vie RRR RAI VALID DAT OK OY 
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DEVICE OPERATION 


The KM41C1000C/CL/CSL contains 1,048,576 memo- 
ry locations. Twenty address bits are required to 
address a particular memory location. Since the 
KM41C1000C/CL/CSL has only 10 address input pins, 
time multiplexed addressing is used to input 10 row 
and 10 column addresses. The multiplexing is con- 
trolled by the timing relationship between the row 
address strobe (RAS), the column adress strobe(CAS), 
and the valid row and column address inputs. 
Operation of the KM41C1000C/CL/CSL begins by 
strobing in a valid row address with RAS while CAS 
remains high. Then the address on the 10 address 
input pins is changed from a row address to a column 
address and is strobed in by CAS. This is the begin- 
ning of any KM41C1000C/CL/CSL cycle in which a 
memory location is.accessed. The specific type of 
cycle is determined by the state of the write enable pin 
and various timing relationships. The cycle is terminat- 
ed when both RAS and CAS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time 
(tRP) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are sesned 
by tRAs(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to satis- 
fying the minimum RAS and CAS pulse widths. In addi- 
tion, a new cycle must not begin until the minimum 
RAS precharge time, tre, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within 
the KM41C1000C/CL/CSL begin a complex sequence 
of events. If the sequence is broken by violating mini- 
mum timing requirements, loss of data integrity can 
occur. 


Read 
A read cycle is achieved by maintaining the write 
enable input (W) high during RAS/CAS cycle. The 
access time is normally specified with respect to the 
falling edge of RAS. But the access time also depends 
on the falling edge of CAS and on the valid column 
address transition. 

if CAS goes low before trcp(max) and if the column 
address is valid before tRap(max), then the access time 
to valid data is specified by trac(min). However if CAS 
goes low after trcp(max), or if the column address 
becomes valid after trap(max.), access is specified by 
tcac or taa. In order to achieve the minimum access 
time, tRac(min), it is necessary to meet both trcp(max) 
and trap(max). 


Write 

The KM41C1000C/CL/CSL can perform early write, 
late write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W and 
CAS. In any type of write cycle, Data-in must be valid 
at or before the falling edge of W or CAS, whichever is 
later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The data at the data input pin 
(D) is written into the addressed memory cell. 
Throughout the early write cycle the output remains in 
the Hi-Z state. This cycle is good for common I/O 
applications because the data-in and data-out pins 
may be tied together without bus contention. 


Read-Modify-Write: |n this cycle, valid data from the 
addressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CAS and meeting the data sheet read-modify-write 
cycle timing requirements. This cycle requires using a 
separate I/O to avoid bus contention 


Late Write: \f W is brought low after CAS, a late write 
cycle will occur, The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tcwod and tawp, are not necessarily met. 
The state of date-out is indeterminate since the output 


‘can be either Hi-Z or contain data depending on the 


timing conditions. This cycle requires a separate 1!/O to 
avoid bus contention. 


Data Output 

The KM41C1000C/CL/CSL has a three-state output 
buffer which is controlled by CAS. Whenever CAS is 
high(ViH), the output is in the high impedance (Hi-Z) 
state. In any cycle in which valid data appears at the 
output, the output goes into the low impedance state 
in a time specified by tc.z after the falling edge of CAS. 
Invalid data may be present at the output during the 
time after tcLz and before the valid data appears at the 
output. The timing parameters tcac, trac and taa speci- 
fy when the valid data will be present at the output. 
The valid data remains at the output until CAS returns 
high. This is true even if anew RAS cycle occurs (as in 
hidden refresh). Each of the KM41C1000C/CL/CSL 
operating cycles is listed below after the corresponding 
output state produced by the cycle. 
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DEVICE OPERATION (continued) 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode 
Read-Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-before-RAS Refresh, CAS only 
cycle. i 


Indeterminate Output State: Delayed Write. 


Refresh 

The data in the KM41C1000C/CL/CSL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To main- 
tain data integrity it is necessary to refresh each of the 
rows every 16/64/128 ms. There are several ways to 
accomplish this. 


RAS-Only Refresh: This is the most common method 
for performing refresh. It is performed by strobing in a 
* row address with RAS while CAS remains high. This 
_ cycle must be repeated for each of the 512 row 
addresses, (Ao~As). The state of address Ag is ignored 
during refresh. 


CAS-before-RAS Refresh: The KM41C1000C/CL/CSL 
has CAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CAS is held low for the specified set up time (tcsr) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the on-chip 
refresh address counter which is then internally incre- 


mented in preparation for the next CAS-before-RAS ° 


refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be per- 
formed while maintaining the latest valid data at the 
output by extending the CAS active time and cycling 
RAS. The KM41C1000C/CL/CSL hidden refresh cycle 
is actually a CAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is pro- 
vided by the on-chip refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
KM41C1000C/CL/CSL by using read, write or read- 
modify write cycles. Whenever a row is accessed, all 
the cells in that row are automatically refreshed. There 
are certain applications in which it might be advanta- 
geous to perform refresh in this manner but in general 
RAS-only or CAS-before-RAS refresh is the preferred 
method. 


CAS-before-RAS Refresh Counter Test Cycle - 
A special timing sequence using the CAS-before-RAS 
refresh counter test cycle provides a convenient 
method of verifying the functionality of the CAS- 
before-RAS refresh activated circuitry. The cycle 
begins as a CAS-before-RAS refresh operation. Then, 
if CAS is brought high and then low again while RAS is 
held low, the read and write operations are enabled. In 
this mode, the low address bits Ao through As are sup- 
plied by the on-chip refresh counter. The Ag bit is set 
low internally. 


Fast Page Mode 

The KM41C1000C/CL/CSL has Fast page mode capa- 
bility which provides high speed read, write or read- 
modify-write access to all memory cells within a 
selected row. These cycles may be mixed in any order. 
A fast page mode cycle begins with a normal cycle. 
Then, while RAS is kept low to maintain the row 
address CAS is cycled to strobe in additional column 
addresses. This eliminates the time requried to set up 
and strobe sequential row addresses for the same 


page 


Power-up 

If RAS=Vss during power-up, the KM41C1000C/CL/CSL 
could begin an active cycle. This condition results in 
higher than necessary current demands from the pow- 
er supply during power-up. It is recommended that 
RAS and CAS track with Vcc during power-up or be 
held at a valid VIH in order to minimize the power-up 
current. An initial pause of 200 # sec is required after 
power-up followed by 8 initialization cycles before 
proper device operation is assured. Eight initialization 
cycles are also required after any 8msec period in 
which there are no RAS cycles. An initialization cycle is 
any cycle in which RAS is cycled. 


Termination 


The lines from the TTL driver circuits to the 
KM41C1000C/CL/CSL inputs act like unteminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
termination may be used,series termination is generally 
recommended since it is simple and draws no addi- 
tional power. It consists of a resistor in series with the 
input line placed close to the KM41C1000C/CL/CSL 
input pin. The optimum value depends on the board 
layout. It must be determined experimentally and is 
usually in the range of 20 to 40 ohms. 
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DEVICE OPERATION (ontinuec) 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching transient 
effects are minimized. The recommended methods are 
gridded power and ground lines or separate power and 
ground planes. The power and ground lines act like 
transmission lines to the high frequency transients gen- 
erated by DRAMS. The impedance is minimized if all 
the power supply traces to all the DRAMS run both 
horizontally and vertically and are connected at each 
intersection or better yet if power and ground planes 
are used. 


Decoupling 

The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage 
droop on the Vcc line can cause loss of data integrity 
(soft errors). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voitage 
(measured at the device pins) should not exceed 
500mvV. 


PACKAGE DIMENSIONS 


18-LEAD PLASTIC DUAL IN-LINE PACKAGE 


J U L__] aan 
0.862 (21.89) . 
0.872 (22.15) 


0.050 (1.27) 
MAX 
5 = oie - a a 
| | 
0.135 (3.43) | | 
0.145 (3.68) | 
0.100 (2.54) ; a L a 0.035 (0.89) 
TP | 0.055 (1.40) 
0.016 (0.41) 
0.024 (0.61) 


a” 


ELECTRONICS 


A high frequency 0.14 F ceramic decoupling capacitor 
should be connected between the Vcc and ground 
pins of each KM41C1000C/CL/CSL using the shortest 
possible traces. These capacitors act as a low 
impedance shunt for the high frequency switching tran- 
sients generated by the KM41C1000C/CL/CSL and 
they supply much of the current used by the 
KM41C1000C/CL/CSL during cycling. 

In addition, a large tantalum capacitor with a value of 
47uF to 100%F should be used for bulk decoupling to 
recharge the 0.1F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling 
capacitor meet the power grid or power plane. Even 
better results may be achieved by distributing more 
than one tantalum capacitor around the memory array. 


Units: Inches (Millimeters) 


0.279 (7.08) 
0.293 (7.44) 


0.300(7.62) 
0.325(8.26) 


. 


0.009 (0.23) / 


0.018 (0.38) 0.013 (0.3) 


MIN 


0.183 (4.65) 
MAX 


0.115 (2.92) 
MIN 
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PACKAGE DIMENSIONS (continued) 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


e\e sleaale ale 
boda BIS 31a als 
Slt C/G B/S sic 
wlwo Soin o/O QIN 
ro) © t 

& |S QIN 813 816 
o/° Slo 3o/o S|o 


0.128 (3.25) 
0.145 (3.68) 


0.670 (17.02) 
0.680 (17.27) 


2 


afore) 


0.080 (1.27) 0.015 (0.38) 
TYP . 0.021 (0.53) 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


ene ee 
0.026 
0.032 : 
0.050 (1.27) 


(0.66) 
(0.81) 
| MAX 


1.025 (26.04) 
1.035 (26.29) 


0.113 (2.87) 
0.120 (3.05) 


i 


0.325 (8.26) 
0.335 (8.51) 
MAX 


0.400 (10.16) 


+ 


0.009 (0.23) 


| | | 0.013 (0.33) 
0.100 (2.54) 
TYP 


0.050 (1.27) 
TYP 


sa. 


0.050 (1.27) 
MAX 


0.016 (0.41) 


0.024 (0.61) 


0.100 (2 
MIN 
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KM41C1000C/CL/CSL CMOS DRAM 


PACKAGE DIMENSIONS (continued) 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.03 (0.80) 


0.298 (7.57) 
0.302 (7.67) 


0.359 (9.12) 
0.367 (9.32) 


0.324(8.22) 


0.671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


eae ee eal 
Slecsee) FSA AE = AAAHD 
0.048 (1.22) | | 0.012 (0.30) 
0.052 (1.32) 0.020 (0.50) 
; 0.016 (0.40) | 
0.024 (0.60) 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (I) (Forward and Reverse Type) 


0.016 (0.40) 
0.024 (0.60) 


0.232 (5.90) 
0.240 (6.10) 


_ 


0.565 (14.35) 
0.569 (14.45) 
0.626 (15.9) 
0.634 (16.1) 


0.039 (1.0) 


0.047 (1.20) 
ET 2.005 0.06) | 7 


0.004 (0.1) | 0.022 (0.55) 0.016 (0.40) | . 
0.012 (0.3) 0.018 (0.45) 0.024 (0.60) 
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PACKAGE DIMENSIONS (continued) 
18- LEAD PLASTIC CHIP CARRIER 


0.140 (3.56) 
MAX 
0.080 (2.03) 
0.090 (2.29) 


0.320 (8.13) [— 
0.330 (8.38) 


| 0.285 (7.24) 
0.295 (7.49) 0.020 (0.51) 0.070 (1.78) | 0.150 (3.81) 
MIN REF 
Ca ae, 0.026 (0.66) 8 
(0.082 (0.81 ae: 
ia (0.81) S| 


—*! 


mi 


0.013 (0.33) 
0.021 (0.53) 


REF 


0.520 (13.21) 
0.530 (13.46) 
0.485 (12.32) 
0.495 (12.57) 
| 0.200 (5.08) 
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256K x 4 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 


id we [tne | | 
RaAGEECTOUCSLE [etre | 1508 | THe 
racrsecicusi.7 | rons | ane | 10m | 
raze. | sons | 20ne | 1600 | 


¢ Fast Page Mode operation 
- CAS-before-RAS refresh capability 
* RAS-only and Hidden refresh capability 
. ¢ TTL compatible inputs and outputs 
¢ Early write or Output Enable Controlled Write 
* Single 5V+ 10% power supply - 
+ Refresh Cycle 
— 512 cycle/8ms refresh (Normal) 
— 512 cycle/64ms refresh (L-version) 
— 512 cycle/128ms refresh (SL-version) 
¢ Power Dissipation 
—Standby : 5.5mW (Normal) 
1.1mW (L-version) 
0.55mW (SL-version) 
— Active(60/70/80ms) : 385/360/330mW 
« JEDEC standard pinout 
¢ Available in plastic DIP, SOJ, ZIP, TSOP(i), 
and TSOP(II) Packages 


FUNCTIONAL BLOCK DIAGRAM 


| 


ms) 
> 
n 


CONTROL & 


oAS CLOCK 
Ww 
r 
a 
Ao 2 
. wi « 
tla 
=i Re) 
an Be 
Bla 
vile 
a ne) 
‘ Qle 
As < 


COLUMN DECODER 


SENSE AMPS & I/O 


MEMORY ARRAY 
262,144x4 Cells 


GENERAL DESCRIPTION 


The Samsung KM44C256C/CL/CSL is a CMOS high 
speed 262,144 x 4 Dynamic Random Access Memory. 
{ts design is optimized for high performance 
applications such as minicomputers, graphics and high 
performance microprocessor computers. 


The KM44C256C/CL/CSL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM44C256C/CL/CSL is fabricated using 
Samsung's advanced CMOS process. 


bai 
to 
DQ4 


= 
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KM44C256C/CL/CSL _ CMOS DRAM 


PIN CONFIGURATION (tp Views) 


* KM44C256CP/CLP/CSLP * KM44C256CJ/CLJ/CSLJ * KM44C256CZ/CLZ/CSLZ 


+ KM44C256CV/CLV/CSLV * KM44C256CVR/CLVR/CSLVR 


ie} 


SCOGND OAbOMm— 


= 


BEEN AhoOn = 


° KM44C256CT/CLT/CSLT « KM44C256CTR/CLTR/CSLTR : : 
Pin Function 


Address Inputs 
RAS Row Address Strobe 
CAS Column Address Strobe 
Read/Write Input 
Data Output Enable 
Data In/Data Out 
Power (+5V) 
Ground 


Pin Names 


No Connection 
No Lead 
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ABSOLUTE MAXIMUM RATINGS* 


Storage Temperature 
Power Dissipation — 
Short Circuit Output Current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to abso- 
‘lute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Parameter [Syme Min |p Me 
FO 
eee ei ee 
[input wghvotaps | ww | ee | = | von 
[input Low votage fw | to di 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter 


KM44C256C/CL/CSL-6 


Operating Current* 
. : KM44C256C/CL/CSL-7 
(RAS and CAS, Address Cycling @trc=min.) KM44C256C/CL/CSL-8 


a ors 


RAS-Only Refresh Current* REV ese CUTS ES 


KM44C256C/CL/CSL-7 
(CAS=Vin, RAS, Address Cycling @trc=min.) KM44C256C/CL/CSL-8 
KM44C256C/CL/CSL-6 
KM44C256C/CL/CSL-7 
KM44C256C/CL/CSL-8 


KM44C256C 
KM44C256CL 
KM44C256CSL 


KM44C256C/CL/CSL-6 
KM44C256C/CL/CSL-7 
KM44C256C/CL/CSL-8 


Fast Page Mode Current* 
(RAS=Vit, CAS, Address Cycling @tec=min.) 


Standby Curent 
(RAS=CAS=W=Vcc-0.2V) 


CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trc=min.) 


Battery Back Up Current 

Average Power Supply Current, Battery back 

up Mode (CAS=CAS-Before-RAS Cycling or , KM44C256CL 
0.2V, W=Vcc-0.2V or 0.2V, Ao~Ag= KM44C256CSL 
Vcc-0.2V or 0.2V, Din=Vcc-0.2V, 0.2V or 

OPEN : trc=250z4S, tras=tras min.~14S) 


Input Leakage Current 
(Any input 0<Vin <6.5V, all other pins not under test=0 volts.) 


Output Leakage Current (Data out is disabled, 0<VouT< Vcc) 
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DC AND OPERATING CHARACTERISTICS (Continued) 


ee RCAC 


Output High Voitage Level (loH=-5mA) 


Output Low Voltage Level (lo.=4.2mA) 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as average current. Icc1, Icc3, Address can be changed maximum two times 
- while RAS=VIL, Icc4, Address can be changed maximum once during a Fast Page cycle. 


CAPACITANCE (ta=25°c, Voc=5v, f=1MHz) 


Input Capacitance (Ao~As) 


Input Capacitance (RAS, CAS, W) 
Output Capacitance (DQ1~DQa) 


AC CHARACTERISTICS (’c<tTa<70°C, Voc=5.0V+10%, See notes 1,2) 


| ee a a 


in| Max | win | Max | Min | Max 

Randomreadorwitecycetine | we (| ro] | woof | veo [ne || 
vera ntesrienme ame et loan 
Access time from RAS pm} 00 fa aa 
Access time from CAS _ | tcac | | t5{ | 20f | 20] ns | 345 | 


Access time from column address 30] | 35{ | 4] ns | 3,10 | 
ae ee ae 


i 
meni eal 
Output buffer turn-off delay | torr | 0 | 

[| 3 


tT 


Transition time (rise and fall) 


RAS precharge time 
RAS bales width 


CAS hold time 


CAS ene nus?) width 


CAS to RAS precharge time 


Row address set-up time 
Row address hold time 


Column address hold time 


Column address to RAS lead time 
Read command set-up time 
ex | | : 
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AC CHARACTERISTICS (Continued) 

ram | ut | nates 
Parameter wax | 

Read command hold time referenced to CAS 

Read command hold time referenced to RAS tRRH 


le 
la! 
ag 
rr 


two 
Write command to CAS lead time 


(2) 
»] 
=— = 
an a 
— fof = 
apo lo ao 
= ae on =e 
nn op; oa an 
= joa 
o}oa 


alae gle, 


x 
qi 


= 
nh 
eo 
= 
nN 
foe) 


CAS to W delay time 
m : 
AS hold tim E 


SIS |: 6 |Z 

| $15 5 |8 
(=) a 

= °o 

a a 


x 
3 


ot [ot | 
Qo |9o 
— 
nN 
& 8 
3 
ly 
— 
oS 
oS 
A 


Fast Page mode cycle time 


Fast Page mode read-modify-write cycle time tPRW 


(2) 


= > 
a a 


e time (C-B-R c 
RAS puise width (Fast Page mode) 

RAS hold time from CAS precharge 

_|CAS precharge time (Fast page mode) 

RAS e referenced to OE 


= 
oO 


=a {/— 
a;o 


— 
— 8 
ao A 


= ~ 
° 3 


tOEH 


WAM Aig 
ml}s | ral jm 
- 
8/2 /F 18 
3/- {218 
3 )2 12 13 
> il>|P? |® 
3 i/o jo {a 
aj; |@ 13 
z |e |2 |@ 
a {5 
—~ |oO 
= |S 
3 lo 
® lo 
2 
=a 
3]: 
a 
=> 
fo} 
3 |. 
al 
m 
am beer fe 
alee Flere 
3 
a] 
—s 


NOTES . 

1. An initial pause of 200us is required after power-up 3. Measured with a load equivalent to 2 TTL loads 
followed by any 8 RAS cycles before proper device and 100pF. 
operation is achieved. 4. Operation within the tacp (max) limit insures that 

2. Vin (min) and Vi_ (max) are reference levels for trac (max) can be met. trcp (max) is specified as a 
measuring timing of input signals. Transition times reference point only. If tacp is greater than the speci- 
are measured between Vix (min) and Vi. (max) and fied tacp (max) limit, then access time is controlled 
are assumed to be 5ns for all inputs. exclusively by tcac. 


ELECTRONICS 
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NOTES (Continued) 


5. Assumes that tacp>trcep(max). 
6. twor, tone are referenced to trao(max). 
7. This parameter defines the time at which the out- 


the selected address. If neither of the above condi- 
tions are satisfied, the condition of the data out is 
indeterminate. 


put achieves the open circuit condition and is not 9. Either tracy or tary Must be satisfied for a read 
referenced to Vou or Vo. cycle. 
8. twos, tawo, tewo and tawo are non restrictive operat- 10. These parameters are referenced to the CAS lead- 


ing parameters. They are included in the data sheet ing edge in early write cycles and to the W leading 


as electrical characteristics only. !f twos > twes(min) edge in read-write cycles. 
the cycle is an early write cycle and the data out- 11. Operation within the tran(max) limit insures that 


put will remain high impedance for the duration of trac(max) can be met. trac(max) is specified as a 
reference point only. If trap is greater than the 
specified tran(max) limit, then access time is con- 
troiled by taa. 


the cycle. If tewo> tewo(min), tawo>tawo(min) and 
tawo>tawn(min), then the cycle is a read-write cycle 
and the data output will contain the data read from 


TIMING DIAGRAMS 


READ CYCLE 
RAS 
CAS 
Vin— AAAI ADI AAV I AAA Y 
: we ROKR YX) 
tRCH 
w— PVYVYVVKVYVYVY VG 
w Ve LARK 
}— -taa —— . 
tH—  YYY VV YVR VOY KIKI AAKAKAIV IV 
FE RRR RRR XX AXK | 
torr 
— trac 
con, Y= ore (nso) 


KX] DON'T CARE 
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TIMING DIAGRAMS 6 continued) 


CMOS DRAM 


WRITE CYCLE (EARLY WRITE) 


_ ViGe tras tap 
RAS 

Vit— 

x tcrP 

— Viq— 
CAS 

Vii- 

| 

A ee OOK KA MX) COLUMN COOK KAX KAA AK KKK KKK 

vu OOO ADoEssRXK SLES DRE KORO 

tRAD 
twes ay . : 
es Vip— YX KY KKK KKK RY YAYAV. Vea VAVAWAV,Vav.VVAVAV AAV AYATATAWAVATATAVAVAVAVAVATAVAN.© 
a 1. CORT AXXAROREARAEAKNK KKK 
a twcr 
tRWL 

‘i ViH— VYVYVVYVVYYYVYYYYVYVYYVYYVVYV YW VW iP YOO PU PV VO waa’, 
E Vi RK EINK 

Vin— 


WRITE CYCLE (OE CONTROLLED WRITE) 


tro 
bes tras trp 
roan ViH— 
RAS ee ree 
iam —, tCSH ae 
t trop tRSH 
— Viq— , 
tasr | | traH : 
Vin— YYX v, Y) ROW ; ra COLUMN WYXY Vv, Va, dorhary WIYVVVV XXX WV ) 
: vi XXXXNKN A8Bhess AR _asoness AYN RYKYOX KK RY 
tow. 
tRWL 
— ViH— VVVVVVVVVVVVVVVVUVVVVVVVYVY ¥ ° (AV V VV VV VV VV VVV VY YYVVVY VV VVYVV 
" Ve KKK RR — 8° AK KKK KKK CLK 
; |toeH ; 
OE oT RRO RORY Pe meee ROO 
Vit— .9.4.9,0,9,0:6.9,0.6.9,0.0.0 Ww 4.9,9,0,0.0,6,9; 4:4,0,6.6.9,0.9.0.9.0.9,9.6.9,9,0.9,0.6.4, 
. toH , 
Vip— LAS VV VVVV JAS VV VVVV VV VYVYVYVYVYVVY 
isin oun CYR. vatio paren OY YY YK XK RKRKLK 


KX DON’T CARE 


Prrrsoneg 
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CMOS DRAM 


TIMING DIAGRAMS (continued) 
READ-MODIFY-WRITE CYCLE 


es tRWG: i 
_— a tras trp 
7 Viq— 
RAS 
Vit— 
be tcsH 
tacD ————— tRSH 
CAS ViH- \ \ : tcas { / 
Vit— , 
tasr Itean tasc | tcaH ‘ 
ViH— AKASFROW VY) AY VAAMANWVVYVVYVYVVYVY¥YWA/VY¥YW/J/YVYVWVVWVWVJVYV 
: va Raph aooness KK RoomESS RMR KKK KY 
| ined 
— tRAD-—4 —_ Hen tcwD: — b=— tow : 
Ww Vin— ee im WYVYV KKK XV XX KR 
1 CRY XXX 
_ Vip— QIYWVYVVOAIIV IV VOV VY Y * | CT AAAKKAAEAA KY 
OE Va RR RR 
| r—- tcac 
ra tract 
: ViloH — IYO KKY KV KKK 
PONORN ce: = AX XXX 
FAST PAGE MODE READ CYCLE 
jo trRasP Pay ois 
RAS ig 
Vit 
tec ee tcrp 
f—— trop —~{ top 
ie WS eee toa tas] 
1L— 
tRaD 
tcsH tRaL 
t t tCAH t 
A vi ARM ADD SRY Re Ra RAY) ce sti ON) 
t 
Ww —: VJ VW aVav, \4 ly A] \J Vara’ saa’, 
vu OOO | ., W y NS 
; toca "CPA . . 
oe, Vin-— IVI VIVU VV VY IY LAL ISAS\/ YY WY V 
oe RR | ARRAN RRR 
= trac toFF 
tcLz 
von rs eg YW VALID /VALID OXY VALID 


ne DON'T CARE 


iY 
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TIMING DIAGRAMS (Continued) . 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


--—tRASP — oe fae 
RAS 
: , tore 
tRSH-—-—] 
—--— trcp-— top 
CAS \\ == tcas-— —tcas N tcas { / 
= _ sal CT 
ues : tRAH | Sorte | tasc ' tcaH | | TAAL 
ae —— tasc. [7 ' | tasc | tCAH 
SD) EDN 0) EE CN MEE UNI 
YY ADD ANA appRess AXYXXKXWA ADDRESS AXXYXXKA ADDRESS XXX XX 
i BAD | tcw.—-—+ twes tt towL twee towe 
| Lf twen_ | won| oe | 
eats (YY X YX) (VV XXX ; KY YY YX KX (x 
w AXA OD WING 


a KKK KKK KOU YY YY VY XXXKAVVY NY W/V YVYY IIA IVY JYVV VV VY YVVYVVV/YVV 
oe RRR RRO RRR MRR RA KR 


TYXYY YY YX 
NY : 
FAST PAGE MODE READ-MODIFY-WRITE 


DQ 1-DQ4 


WOK 


ALL 


KRY 


tRP 
a ee ~ tRASP — = 
RAS | | 
| >»—-—— tcsH | | 
tprwos>———----—] |—-—~- —tRsH 
[ beeteebea tetas et LIE eae | 
_ tr AD , - tcas- 
tRAH 
ae aso 4 aes In !can, TASC I I tcan | 
15 ate" COL YYXXXYYX X) COL A/V VY 4, COL VYVAS/Y VV VSAAYYS/VVV/VY 
: ERE. £05 KIN oo KIRK ADD KARR RRC 
trawod || | | tawL— 
a tewo =) FT tewo—— | tow. | [7 ‘owe t— tow. 
= ¥Y¥/VYV¥ ry VYVVVVYVYYVVY ¥ 
i Oey fj a), ennennnnn 
tawod oe tawb ra t—~— tawo 
J tas —| twe— 
. toeA tacs F toEA tacs 
VAYAVAVAVAVAVAVAVAVAY, ¥YYYVVAASAVYYVY 
OE alattatatataterte RO 
“ tcac 
trac -—— 
DQ1-DQ4 bY f 


ERY] oon care 
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. TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: w, OE = Don’t care 


RAS 


| tasr tear | 
nA now ano MRR RIAA XARA 


CAS-BEFORE-RAS REFRESH CYCLE 
Note: W, OE, A=Don't care 


RAS 


DQ}-DQ4 we a ee ———$—— 


YX] DON’T CARE 
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TIMING DIAGRAMS (Ccontinueg) 
HIDDEN REFRESH CYCLE (READ) 


_ ae = tras 2 trp tras us tap——| 
RAS : 

Vit— 

tracD trsH ——tcHR tonp———— 

me rmo_|\\ | [/} 

ViH- 7 ir} + vsVaVaVala"aaValalaavaVaVaVaVAvavav av. ViVVav arava tava VaVaVaVavaval 
wi OK BREA SBants TAA ARK RXR KR ROOOGO 
oO Se TT KRERXNNOKN 

vu OY | | OOOO AOC AXA KXAN 

| ; 

= 7): ely AV, WaVaVavavaala¥aVavavavalay, AAAI AKAMWYVVYAA/YVV\A/ 
Ba ROOOXXXXKOONO a 
DQ1-DQ, MOH = 


HIDDEN REFRESH CYCLE (WRITE) 
= t 


tras 


RC | - ——~ tRe- 


Re po 
= 
‘ Vin CAAA AN NAT AAU AN AN AAU AAV AVA AVAVAVAVAVAVAVAVAVAW, 
a GOL 
— Viq— VV VAVAV I AW AW AV AVAWAVAVAVAVAVAVAVAVAVAVAVAWAVAVAVAG, 
s ae RR | LLNS 


NAOMI 


NLS 


am SRR RRR RCN RIC 


tos _| 


VALID DATA 


“a 


oo RD TENT 


NL 


Xoo CARE 
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KM44C256C/CL/CSL | CMOS DRAM 
TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


tRAS {_ tap 
— Viq— 
RAS 
Vit— 
pak 1 | + tcHR— tcopT tRSH 
CAS ie tcas- Ff 
ViH— RIT a | 
: 1 RRR _acorees YY OANA 
READ CYCLE ee | 
_ Vid— VYYYYYVYYYYX YY YY VY YY YV¥ : VYXYYY 
Fe SOOO NOA RIO) csi at XXX 
ViH— VYVVVJVYVWVVV/V\A A/V JVVYVA ASW VVVYVVV toEA ATV AVAVAVAVAVAVAVAVAVAVAVA AV, 
oe ie ORE AXA 
toiz torr 
DQ1-DQ, 3 nh DEN Vy) VALID DATA-OUT 
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DEVICE OPERATION 


Device operation 
The KM44G256C/CL/CSL contains 1,048,576 memory 
locations organzed as 262,144 four-bit words. Eighteen 
address bits are required to address a paricular 4-bit 
word in the memory array. Since the KM44C256C/CL- 
/CSL has only 9 address input pins,time multiplexed 
addressing is used to input 9 row and 9 column 
addresses. The multiplexing is controlled by the timing 
relationship between the row address strobe (RAS), the 
column .adress strobe(CAS), and the valid row and 
column address inputs. 
Operation of the KM44C256C/CL/CSL begins by 
strobing in a valid row address with RAS while CAS 
remains high. Then the address on the 9 address input 
‘pins is changed from a row address to a column 
address and is strobed in by CAS. This is the begin- 
ning of any KM44C256C/CL/CSL cycle in which a 
memory location is accessed. The specific type of 
cycle is determined by the state of the write enable pin 
and various timing relationships. The cycle is terminat- 
ed when both RAS and CAS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time 
(tRP) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tRas(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to satis- 
fying the minimum RAS and CAS pulse widths. In addi- 
tion, a new cycle must not begin until the minimum 
RAS precharge time, tre, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within 
the KM44C256C/CL/CSL begin a complex sequence 
of events. If the sequence is broken by violating mini- 
mum timing foquirernents: loss of data integrity can 
occur. 


Read 

A read cycle is achieved by maintaining the write 
enable input (W) high during RAS/CAS cycle. The 
access time is normally specified with respect to the 
falling edge of RAS. But the access time also depends 
on the falling edge of CAS and on the valid column 
address transition. 

lf CAS goes low before trcp(max) and if the column 
address is valid before trap(max), then the access time 
to valid data is specified by trac(min). However if CAS 
goes low after trcp(max), or if the column address 
becomes valid after tRap(max.), access is specified by 
tcac or taa. In order to achieve the minimum access 
time, trac(min), it is necessary to meet both trcp(max). 
and tRaD(max). 


The KM44C256C/CL/CSL has common data I/O pins. 
For this reason an output enable control input (OE) has 
been provided so the output buffer can be precisely 
controlled. For data to appear at the outputs, OE must 
be Jow for the period of time defined by to toEea and 
tOEz. 


Write 

The KM44C256C/CL/CSL can perform early write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W and 
CAS. In any type of write cycle, | Data-in must be valid 
at or before the falling edge of W or CAS, whichever is 
later. 


Early \ Write: An early w write cycle is performed by bring- 
ing W low before CAS. The 4-bit wide data at the data 
input pin is written into the addressed memory cell. 
Throughout the early write cycle the output remains in 
the Hi-Z state. In the early write cycle the output 
buffers remain in he Hi-Z state regardless of the state 
of the OE input. 


Read-Modify-Write: In this cycle, valid data from the 
addressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CAS and meeting the data sheet read-modify-write 
timing requirements. This output enable input (OE) 
must be low during the time defined by toEa and toez 
for data to appear at the outputs. If tcwo and trwo are 
not met the output may contiain invalid data. 
Conforming to the OE timing requirements prevents 
bus contention on the KM44C256C/CL/CSL's DQ pins. 


Data Output 

The KM44C256C/CL/CSL has a three-state output 
buffer which is controlled by CAS and OE. Whenever 
CAS or OE is high(Vin), the output is in the high 
impedance (Hi-Z) state. In any cycle in which valid data 
appears at the output, the output goes into the low 
impedance state in a time specified by tciz after the 
falling edge of CAS. Invalid data may be present.at the 
output during the time after tcLz and before the valid 
data appears at the output. The timing parameters 
tcac, trac and taa specify when the valid data will be 
present at the output. This is true even if anew RAS 
cycle occurs (as in hidden refresh). Each of the 
KM44C256C/CL/CSL operating cycles is listed below 
after the corresponding output state peedited by the 
cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode 
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DEVICE OPERATION (continued) 


Read-Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-before-RAS Refresh, CAS only 
cycle. 


Indeterminate Output State: Delayed Write (tcwo or 
tRwo are not met) 


Refresh 

The data in the KM44C256C/CL/CSL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To main- 
tain data integrity it is necessary to refresh each of the 
rows every 8/64/128 ms. There are several ways to 
accomplish this. 


RAS-Only Refresh: This is the most common method 
for performing refresh. It is performed by strobing in a 
row address with RAS while CAS remains high. This 
cycle must be repeated for each of the 512 row 
addresses, (Ao~As). 


CAS-before-RAS Refresh: The KM44C256C/CL/CSL 
has CAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CAS is held low for the specified set up time (tcsr) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the on-chip 
refresh address counter which is then internally incre- 
mented in preparation for the next CAS-before-RAS 
refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be per- 
formed while maintaining the latest valid data at the 
output by extending the CAS active time and cycling 
RAS. The KM44C256C/CL/CSL hidden refresh cycle is 
actually a CAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is pro- 
vided by the on-chip refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
KM44C256C/CL/CSL by using read, write or read- 
modify write cycles. Whenever a row is accessed, all 
the cells in that row are automatically refreshed. There 
are certain applications in which it might be advanta- 
geous to perform refresh in this manner but in general 
RAS-only or CAS-before-RAS refresh is the preferred 
method. 


CAS-before-RAS Refresh Counter Test Cycle 

A special timing sequence using the CAS-before-RAS 
refresh counter test cycle provides a convenient 
method of verifying the functionality of the CAS- 
before-RAS refresh activated circuitry. The cycle 


begins as a CAS-before-RAS refresh operation. Then, 
if CAS is brought high and then low again while RAS is 
held low, the read and write operations are enabled. In 
this mode, the low address bits Ao through As are sup- 
plied by the on-chip refresh counter. 


Fast Page Mode 

The Fast page mode Provides high speed read, write 
or read-modify-write access to all memory cells within 
a selected row. These cycles may be mixed in any 
order. Then, while RAS is kept low to maintain the row 
address CAS is cycled to strobe in additional column 
addresses. This eliminates the time requried to set up 
and strobe sequential row addresses for the same 
page 


Power-up 

If RAS=Vss during power-up, the KM44C256C/CL/CSL 
could begin an active cycle. This condition results in 
higher than necessary current demands from the pow- 
er supply during power-up. It is recommended that 
RAS and CAS track with Vcc during power-up or be 
held at a_ valid Vin in order to minimize the power-up 
current. An initial pause of 200 « sec is required after 
power-up followed by 8 initialization cycles before 
proper device operation is assured. Eight initialization 
cycles are also required after any 8msec period in 
which there are no RAS cycles. An initialization cycle is 
any cycle in which RAS is cycled. 


Termination 


The lines from the TTL driver circuits to the 
KM44C256C/CL/CSL inputs act like unteminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
termination may be used,series termination is generally 
recommended since it is simple and draws no addi- 
tional power. It consists of a resistor in series with the 
input line placed close to the KM44C256-C/CL/CSL 
input pin. The optimum value depends on the board 
layout. It must be determined experimentally and ‘is 
usually in the range of 20 to.40 ohms. 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching tran- 
sisient effects are minimized. The recommended meth- 
ods are gridded power and ground lines or separate 
power and ground planes: The power and ground lines 
act like transmission lines to the high frequency tran- 
sients generated by DRAMS. The impedance is mini- 
mized if.all the power supply traces to all the DRAMS 


al? 


ELECTRONICS . 


103 


KM44C256C/CL/CSL 


CMOS DRAM 


DEVICE OPERATION Continued) 


run both horizontally and vertically and are connected 
at each intersection or better yet if power and ground 
planes are used. 


Address and control lines should be as short as possi- 


ble to avoid skew. In boards with many DRAMS these 
lines should fan out from a central point like a fork or 
comb rather than being connected in a serpentine pat- 
tern. Also the control logic should be centrally located 
on large memory boards to facilitate the shortest pos- 
sible address and control lines to all the DRAMS. 


Decoupling 

The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage 
droop on the Vcc line can cause loss of data integrity 
(soft errors). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voltage 
(measured at the device pins) should not exceed 
500mv. 


PACKAGE DIMENSIONS 


20-LEAD PLASTIC DUAL IN-LINE PACKAGE 


0.962 (24.43) 
0.972 (24.69) 


A high frequency 0.14%F ceramic decoupling capacitor 
should be connected between the Vcc and ground 
pins of each KM44C256C/CL/CSL using the shortest 
possible traces. These capacitors act as a low 
impedance shunt for the high frequency switching tran- 
sients generated by the KM44C256C/CL/CSL and they 
supply much of the current used by the KM44C256- 
C/CL/CSL during cycling. 

In addition, a large tantalum capacitor with a value of 
47F to 100%F should be used for bulk decoupling to 
recharge the 0.14F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling 
capacitor meet the power grid or power plane. Even 
better results may be achieved by distributing more 
than one tantalum capacitor around the memory array. 


Units: Inches (Millimeters) 


FH — 10° 


300(7.62) 


0.293 (7.44) 
0.325(8.26) 


0.135 (3.43)! 
0.145 eee 68) 


ils 


0.009 (0.23) 


0.013 (0.33) 
0.015 (0.38) 


MIN 


0.183 (4.65) 


0.100 (2.54) 


yer 


MAX 


0.115 (2.92) 
MIN 


0.050 (1.27) 


TYP 0.024 iy 


z= L 0.016 (0. ae tle 0.035 (0.89) 
0.055 (1.40) 


MAX 
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PACKAGE DIMENSIONS (Continued) 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.027 (0.69) 
| MIN 


a Slaale sle 
a (aes BIB Ble dF 
ae fs Cjs BIS sis 
Vom Ee) Qin o;/S DOIN 
Dp + © Tt 

N18 SIN S(4 8/5 
Slo Solo oI]a0 Sic 


0.670 (17.02) 
0.680 (17.27) 


ss 


0.128 (3.25) 
0.145 (3.68) 


alow on] 


0.050 (1.27) 0.015 (0.38) 
TYP 0.021 (0.53) 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


0.113 (2.87) 


1.025 (26.04) Er @.08) 


1.035 (26.29) 


z 


325 (8.26) 


0. . 
0.335 (8.51) 
0.400 (10.16) 


0.009 (0.23) 
0.013 (0.33) 


0.050 (1.27) 


0.100 (2.54) 


0.016 6 (0.4 41) | 0.050 (1.27) 
TYP 


0.024 4 (0.6 61) | 


0.100 (2.54) 
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PACKAGE DIMENSIONS (Continued) 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.03 (0.80) 


pupae 
515 a} 18 
ein a 3/9 
Lay fs ee) Lj 

= a;- 
Sin = 1 |o 
ole °o o|/o 


0.671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


ET AEE AF OT ART IIRES LI VET RSET TS, 
apousco] UR RARER AAP 
| 0.048 (1.22) | | 0.012 (0.30) | 
0.052 (1.32) 0.020 (0.50) 
0.016 (0.40) | 
‘ 0.024 (0.60) 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (I) (Forward and Reverse Type) 


0.016 (0.40) 
0.024 (0.60) 


0.232 (5.90) 
0.240 (6.10) 


0.565 (14.35) 

0.569 (14.45) 
0.626 (15.9) 
0.634 (16.1) 


0.039 (1.0) 4 
, 0.047 (1.20) 
aL oss eo] COMI | 


0.004 (0.1) - 0.022 (0.55) 0.016 (0.40) | | 
0.012 (0.3) 0.018 (0.45) 0.024 (0.60) 
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4M x1 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES : GENERAL DESCRIPTION 


« Performance range: The Samsung KM41C4000C/CL/CSL is a high speed 
CMOS 4,194,304 x 1 Dynamic Random Access 
Memory. Its design is optimized for high performancd 
applications such as mainframes and mini computers, 
graphics and high performance microprocessor 
systems. 


~ KM41C4000C/CL/CSL-5 
KM41C4000C/CLICSL-6 | 60ns | 16ns | 110ns 
KM41C4000C/CL/CSL-7 
KM41C4000C/CL/CSL-8 


The KM41C4000C/CL/CSL features Fast Page Mode 
operation which allows high speed random access of 
. Fast Page Mode operation memory cells within the same row. CAS-before-RAS 
- CAS-before-RAS refresh capability refresh capabillity provides on-chip auto refresh as an 
- RAS-only and hidden refresh capability alternative to RAS-only Refresh. All inputs and output 
are fully TTL compatible. 


¢ Fast parallel test mode capability 
* TTL compatible inputs and output 
« Common I/O using early write 
¢ Single + 5V +10% power supply 
¢ Refresh Cycle 
— 1024 cycle/16ms (Normal) 
— 1024 cycle/128ms (L-version) 
— 1024 cycle/256ms (SL-version) 
¢ Power dissipation 
— Standby : 5.5mW(Normal) 
1.1mW(L-version) 
0.55mW(SL-version) 
— Active (50/60/70/80): 470/415/360/305mW 
¢ JEDEC standard pinout ; 
+ Available in plastic SOJ, ZIP and TSOP-II packages 


The KM41C4000C/CL/CSL is fabricated using 
Samsung's advanced CMOS process. 


FUNCTIONAL BLOCK DIAGRAM 


| 


RAS 
ORS CONTROL & 
= CLOCK D 
Ww 
REFRESH CONTROL & 
ADDRESS COUNTER 
COLUMN DECODER Q 


SENSE AMPS & I/O 
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a 
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PIN CONFIGURATION (Top Views) 


* KM41C4000CJ/CLJ/CSLJ ¢ KM41C4000CZ/CLZ/CSLZ * KM41C4000CT/CLT/CSLT 
eam i 20 10 Vss 
We2 190 Q 


[Pin Names [Pin Function 
Address Inputs 


Data Out ; 


Read/Write Input 
Row Address Strobe 


oA 
| Ww 
| RAS 

CAS __ | Column Address Strobe 
a re 
Ground 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter Symbol Value Units 
Voltage on Any Pin Relative to Vss Vin, Vout —1 to +7.0 Vv 


+— 


Voltage on Vcc Supply Relative to Vss Vec —-1 to +7.0 V- 
Storage Temperature Ta —55 to +150 c 

Power Dissipation Pp 600 mW 
Short Circuit Output Current los mA 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Veg, Ta=O to 70C ) 


Parameter Symbol 


Supply Voltage 


Min 


Unit 


Ground Vss 


[ Input High Voltage Vin 


“ Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


<j< 


Standby Current 
(RAS=CAS=W:=Vcc -0.2V) 


KM41C4000C 
KM41C4000CL 
KM41C4000CSL 


Parameter 

. e KM41C4000C/CL/CSL-5 - 
Operating Current KM41C4000C/CL/CSL-6 lect - 75 | mA 
(RAS, CAS, Address Cycling @trc=min.) KM41C4000C/CL/CSL-7 - 65 mA 
KM41C4000C/CL/CSL-8 - 55 mA 
Standby Current (RAS=CAS=W=Vin) loca - 2 mA 
precast KM41C4000C/CL/CSL-5 - 85 mA 
RAS-Only Refresh Current* KM41C4000C/CL/CSL-6 - 75 mA 
(CAS=Vin, RAS, Cycling @trc=min.) KM41C4000C/CL/CSL-7 Icc3 65 mA 
_ KM41C4000C/CL/CSL-8 - 55 mA 

KM41C4000C/CL/CSL-5 - 
Fast Page Mode Current* KM41C4000C/CL/CSL-6 ey - mA 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM41C4000C/CL/CSL-7 - mA 

KM41C4000C/CL/CSL-8 - 


CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trc=min.) 


KM41C4000C/CL/CSL-5 
KM41C4000C/CL/CSL-6 
KM41C4000C/CL/CSL-7 
KM41C4000C/CL/CSL-8 


Icce 


Battery Back Up Current 

Average Power Supply Current, 

Battery Back Up Mode, 

Input High Voltage(Vin)=Vcc-0.2V 
CAS=CAS-Before-RAS Cycling or 0.2V 
Din=Don't Care Trc=125(L-ver.)uS 
Trc=250(SL-ver.)uS Tras=Tras min~300 


KM41C4000CL 
KM41C4000CSL 


Icc7 


a 
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DC AND OPERATING CHARACTERISTICS (continued) 


Input Leakage Current (Any input o<Vin<Vcc+0.5V 
all other pins not under test=0 volts.) 


Output Leakage Current (Data out is disabled, OV<VouT< Vcc) 
Output High Voltage Level (lox=-5mA) 


Output Low Voltage Level (loL=4.2mA) 


* Note: lcci, Ioc3, loca and Iccg are dependent on output loading and cycle rates. Specified value are obtained with 
the output open. Icc is specified as average current. lcci, Icc3, Icce, Address can be changed maximum two times 
while RAS= Vit. loca, Address can be changed maximum once during a Fast Page Mode Cycle. 


CAPACITANCE (1-28°c, vec=sv, f=1MHz) 


ee 
Input Capacitance (D) Cin = 


Input Capacitance (Ag-A1o) Cin2 
Input Capacitance (RAS, CAS, W) oe 
Output Capacitance (Q) 

AC CHARACTERISTICS (0°CstTa<70°C, Vcc=5.0+10%, See notes 1,2) 


| a ee | 8 
Pee et ee 


Random read or write cycle time tc | 90} | sof tao] 50] ts | 

Read-moaity-write cycle time | two | 108) | 190] ts] sf | os | 

Access time rom RAS mo | | so] | | | 70 
| 13 


Access time from CAS 


| | st 

Access time from column address aa 

Pl 

Outputbutertunvof'deky | tor | Of 18| 0] 15] | 

Tanstion imetise anda |r| 3] 80] 380 | 2 

[FAS prechargetime tw | wo] ol 80 

RAS pulse width tras | 50] 10,000 _10,000 10,000 10,000 | ns | 
ns 
ts | 


RAS hold time 
CAS hold time 
CAS pulse width 
RAS to CAS delay time 


CAS to PAS i ae 
Row address set-up time taSR | o| Hoa 
Row address hold time tRAH | to] = | tof sft] a 
cometimnaeie two) | | | of ) | [»] 
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KM41C4000C/CL/CSL CMOS DRAM 
AC CHARACTERISTICS (Continued) 
-5 -6 -7 -8 
Raramperer =n Min| Max | Min} Max | Min| Max | Min| Max ei ekaieis 

Column address hold time {CAH 10 10 15 15 ns 

Column address hold time referenced to RAS | tAR 40 45 55 60 ns 6 
Column address to RAS lead time tRAL 25 30 | 35 40 | ns 

Read command set-up time tRCS 0 0 0 0}. ns 

Read command hold time referenced to CAS | tRCH 0 0 0 0| ns 9 
Read command hold time referenced to RAS tRRH 0 0 | 0 i, 0 ns 9 
Write command hold time tWCH 10 10 15 15 ns 

Write command hold time referenced to RAS twcr 40 45 55 60 ns 6 
Write command pulse width twP 10 10 15 15 ns 

Write command to RAS lead time tRWL 13 15 20 20 ns 

Write command to CAS lead time tow. | 13 15 20 20 ns 
Data-in-set-up time | ts 0 0 | 0 0 ns 10° 
Data-in hold time tow | 10 10 15 15] ns | 10 
Data-in hold time referenced to RAS tDHR 40 45 55 60 ns; 6 
Refresh period (Normal treF 16 16 16 | ms 

Refresh period (Low power) tREF 128 128 128 128 | ms 

Refresh period (Super low power) tREF 256 256 256 256 | ms 

Write command set-up time twcs 0 a 0 0 0 ns 8 
|GAStoWdelaytime | tow | 13] | 20 20 ns | 8 
RAS to W delay time trwo | 50 60 70 80 ns 8. 
Column address to W delay time tawo | 25 30 | 35 i rl ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsr 10 10 10 10 ns 

CAS hold time(CAS-before-RAS refresh): tur | 10 10 | 15 15 ns 

RAS to CAS precharge time tRPC 5 5 5 5 ns 

CAS precharge time (C-B-R counter test cycle) tcPT 20 20 25 30 ns 

Access time from CAS precharge | {CPA 30 | 35 40 | 45 | ns 3 
Fast page mode cycle time tPC 35 40 45 50 ns 

Fast page mode read-modify-write cycle time tprwc | 53 60 70 I 75 ns | 

RAS pulse width(Fast Page Mode) trasP | 50; 200.000; 60) 200,000 | 70/ 200,000) 80) 200,000} ns 

CAS precharge time(Fast page mode) tcp 10 , 10 10 10 ns 
RAS hold time from CAS precharge truce | 30 35 40 45 ns 

Write command set-up time (test mode in) twis | 10 10 | 10 10 ns 

Write command hold time (test mode in) tWTH 10 10 10 | 10 ns 

W to RAS precharge time(C-B-R cycle) twaP | 10 10 10 10 ns 

W to RAS hold time(C-B-R cycle) twrH | 10 10 10 10 ns 
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TEST MODE CYCLE 


(Note. 12) 


Parameter 


Random read or write cycle time 
Read-modify-write cycle time 


Access time from RAS 
Access time from CAS 
Access time from column address 
RAS pulse width 55 65 | 10,000 
CAS pulse width 18 20| 10,000 


CAS hold time 
Column address to RAS lead time 


CAS to write enable delay 


RAS to write enable delay 


Column-address to W delay time tawD 
Fast mode cycle time 


Fast page mode read-modefy-write 
RAS pulse width(Fast page mode) 


NOTES 


1. An initial pause of 200us is required after power up 
followed by any 8 CAS-before-RAS or RAS-only Re- 
fresh cycles before proper device operation is 
achieved. 

2. Viximin) 2Nd Vitimax are reference levels for measuring 
timing of input signals. Transition times are measu- 
red between Vinimin) ANd Viimax, and are assumed 
to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 
100pF. 

4. Operation within the tacpimax limit insures that trac 
(max) Can be met. tacpimax) is specified as a reference 
point only. If tacpimax) is greater than the specified 
tacp(maxy limit, then access time is controlled exclusi- 
vely by tcac. 

. Assumes that tacp > tacpimax).’ 

. tar, twor, tour are referenced to trap(max)- 

.. This parameter defines the time at which the output 
achieves the open circuit condition and is not refer- 
nced to Von or VoL. , 

8. twcs, trwp, tewo and tawp are non restrictive opera- 

ting parameters. They are included in the data sheet 
as electrical characteristics only. If twcs > twosimin) 
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the cycle is an early write cycle and the data out 
pin will remain high impedance for the duration of 
the cycle. If tewo = tewnimin) ANd tawo = trwoimin) and 
tawp = tawpimin then the cycle is a read-modify-write 
cycle and the data our will contain the data read 
from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out 
is indeterminate. 


. Either tac Or tary Must be satisfied for a read cycle. 
. These parameters are referenced to the CAS leading 


edge in early write cycles and to the W leading edge 
in read-modify-write cycles. 


. Operation within the trapimax) limit insures that trac 


(max) Can be met. trapimax) iS Specified as a reference 
point only. If taap is greater than the specified trap | 
(max) limit, then access time is controlled by taa. 


. These specifications are applied in the test mode. 
. In test mode read cycle, the value of trac, tra, tcac 


is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torF(imax) ANd toezmax) define the time at which the 
output achieves the open circuit condition and are 
not referenced to output voltage level. 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS £(continueg) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 
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FAST. PAGE MODE READ CYCLE 
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TIMING DIAGRAMS (Continued) 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, D, Aio= Don’t Care 
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CAS-BEFORE-RAS REFRESH CYCLE 
Note: Address=Don’t Care 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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TIMING: DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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_ TIMING DIAGRAMS 6 continued) 


TEST MODE IN CYCLE 
NOTE: D, Address=Don't Care 


ae, Vin — 
RAS 
er trec 
tcp 
heal tcsr 
oe ye aa 
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1. — XRAY 
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Q Vou ms 


TEST MODE DESCRIPTION 


The KM41C4000C/CL/CSL is the RAM organized 4, 
194,304 words by 1 bit it is internally organized 524, 
288 words by 8 bits. In "Test Mode", data are written 
into 8 sectors in paratlel and retrieved the same way. 
Column address bit Ao and A1o are not used. If, upon 
reading, all bits are equal (all "1" or "O"s) the Q pin 
indicates a "1". 

If they were not equal, the Q pin would indicate a "0". 


CMOS DRAM 


tac 


tras 


tour 


SOON 


AAR KK KARE 


eK DON’T CARE 


In "Test Mode", the 4M DRAM can be tested as if it 
were a 512K DRAM. W, CAS-BEFORE-RAS Cycle (Test 
Mode in Cycle) puts the device into “Test Mode", And 
"CAS-BEFORE-RAS REFRESH CYCLE" or "RAS-only- 
Refresh Cycle" puts it back into "Normal Mode’. 
During the test mode operation, a WCBR cycle is used 
to perform refresh. The "Test Mode" function reduces 
test time(1/8 in cases of N test pattern.) 
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~ DEVICE OPERATION 


. Device Operation 
The KM41C4000C/CL/CSL contains 4,194,304 memory 
locations. Twenty-two address bits are required to 
address a particular memory location. Since the 
KM41C4000C/CL/CSL has only 11 address input pint, 
time multiplexed addressing is used to input 11 row and 
11 column address. The multiplexing is controlled by 

’ the timing relationship between the row address strobe 
(RAS), the column address strobe(CAS), and the valid 

- row and column address inputs. 


-. Operating of the KM41C4000C/CL/CSL begins by 
‘--" gtrobing in valid row address with RAS while CAS 


input pins is changed from a row address to a column 
: address and is strobed in by CAS. This is the beginning 
of any KM41C4000C/CL/CSL cycle in which a memory 
location is accessed. The specific type of cycle is deter- 
mined by the state of the write enable pin and various 
timing relationships. The cycle is terminated when both 
RAS and CAS have returned to the high state. Another 
cycle can be initiated after RAS remains high long 
enough to satisfy the RAS precharge time(trr) require- 
~ ment. 


- RAS and CAS Timing 
. The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These mini- 
’ mum pulse widths must be satisfied for proper device 
“ operation and data integrity. Once a cycle is initiated by 
 « bringing RAS tow, it must not be aborted prior to satisfy- 
_., ing the minimum RAS and CAS pulse widths. In. addi- 
"tion, a new cycle must not begin until the minimum RAS 
a4 precharge time, tRP, has been satisfied. Once a cycle 
- begins, internal clocks and other circuits within the 
KM41C4000C/CL/CSL begin a complex sequence. of 
__ events. If the sequence is broken by violating minimum 
"timing requirements, loss of data integrity can occur. 
© Read 
* A read cycle is achieved by maintaining the write 
_ enable input(W) high during a RAS/CAS cycle. If CAS 
goes low before tacp(max) the access time to valid data 
is specified by trac. if CAS goes low after tacp(max), 
~- the access time is measured from CAS and is specified 
~«. by tcac. In order to achieve the minmum access time, 


oR. 


*; 


(max). 


~ Write 


ee - The KM41C4000C/CL/CSL can perform early write, late 


write and read-modify-write cycles. The differece 
* between these cycles is in the state of data-out and is 
© determined by the. timing relationship between W and 
~_» CAS. Inany type of write cycle, Data-in must be valid at 


Rote 


remains high. Then the address on the 11 address ~ 


o « trac(min), it is necessary to bring CAS low before taco 


or before the falling edge of W or CAS, whichever. is 
later. : 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The data at the data input pin 
(D) is written into the addressed memory cell. 
Throughout the early write cycle the output remains in 
the Hi-Z state. The cycle is good for common I/O appli- 
cations because the data-in and data-out pins may be 
tied together without bus contention. 


Read-Modify-Write: In this cycle, valid data from the 
addressed cell appears at the output before and dunng 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low 
afterCAS and meeting the data sheet read-modify-write 
cycle timing requirements. This cycle requires using a 
separate I/O to avoid bus contention 


Late Write: If W is brought low after CAS, a late write 
cycle will occur, The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, trwp, tcwp and tawp, are not necessarily 
met. The state of date-out is indeteminate since the 
output can be either Hi-Z or contain data depending on 
the timing conditions. This cycle requires a separate I/O 


to avoid bus contention. 


Data Output 

The KM41C4000C/CL/CSL has three-state output 
buffer which are controlled by CAS. Whenever CAS is 
high(Vin), the outputs is in the high impedance (Hi-Z) 
state. In any cycle in which valid data appears at the 
output, the putput goes into the low impedance state in 
a time specified by tc.z after the falling edge of CAS, 
Invalid data may be present at the output during the 
time after tc.z and before the valid data appears at the 
output. The timing parameters tcac, tRAC and TAA speci- 
fy when the valid data the output until CAS returns high. 
This is true even if anew RAS cycle occurs (as in hid- . 
den refresh). Each of the KM41C4000C/CL/CSL oper- 
ating cycles is listed below after the corresponding out- 
put state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode 
Read-Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 


' Page Mode Write, CAS-before-RAS Refresh, CAS-only _ 


cycle. 
Indeterminate Output State: Delayed Write 


Refresh 
The data in the KM41C400G0C/CL/CSL is stored on a 
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DEVICE OPERATION (continued) 


tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To maintain 
data integrity it is necessary to refresh each of the rows 
every 16/128/256 ms. There several ways to 
accomplish this. 


RAS-Only Refresh: This is the most common method 
‘for performing refresh. It is performed by strobing in a 
row address. with RAS while CAS remains high. This 
cycle must be repeated for each row. 


CAS-before-RAS Refresh: The KM41C4000C/CL/CSL 
has CAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CAS input is held low for the specified set up time 
(tcsR) before RAS goes low, the on-chip refresh circuit- 
ry is enabled. An internal refresh operation auto-mati- 
cally occurs. The refresh address is supplied by the on- 
chip refresh address counter which is then internally 
incremented in preparation for the next CAS-before- 
RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be per- 
formed while maintaining the latest valid data at the 
output by extending the CAS active time and cycling 
RAS. The KM41C4000C/CL/CSL hidden refresh cycle 
is actually a CAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is provid- 
ed by the on-chip refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM41C4000C/CL/CSL by using read, write or read- 
modify write cycles. Whenever a row is accessed, all 
the cells in that row are automatically refreshed. There 
are certain applications in which it might be advanta- 
geous to perform refresh in this manner but in general 
RAS-only or CAS-before-RAS refresh is the preferred 
method. 


Fast Page Mode 

The KM41C4000C/CL/CSL has Fast page mode capa- 
bility. Fast page mode memory cycles provides faster 
access and lower power dissipation than normal memo- 
ry cycles. In Fast page mode, it is possible to perform 
read, write or read-modify-write cyclels. As long as the 
applicable timing requirements are observed, it is possi- 
ble to mix these cycles in.any order. A fast page mode 
cycle beging with a normal cycle. Then, while RAS is 
kept low to maintain the CAS is cycled to strobe in addi- 
tional column addresses. This eliminates the time 
required to set up and strobe sequential row addresses 
for the same page. Up to 2048 memory cells can be 
accessed with the same row address. 


CAS-before-RAS Refresh Counter Test Cycle 
A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of ver- 
ifying the functionality of the CAS-before-RAS refresh 
activated circuitry. 


After the CAS-before-RAS refresh operation, is CAS 
goes high and then low again while RAS is held low, 
the read and write operations are enabled, 


This is shown in the CAS-before-RAS counter test 
cycle timing diagram. A memory cell can be addressed 
with 11 row address bits and 11 column address bits 
defined as follows 


Row Address- Bits Ao through Ag are supplied by the 
on-chip refresh counter. This A1o bit is set high interally. 


Column Address-Bits Ao through A1o are strobed -in by 
the falling edge of CAS as in a normal memory cycle. 


Suggested CAS-before-RAS Counter 
Test Procedure 

The CAS-before-RAS refresh counter test ice timing 
is used in each of the following steps: 


1. Initialize the internal refresh counter by perfoming 


8CAS-before-RAS cycles. 

2. Write a test patten of “lows"into the memory cells at 
a single column address and 1024 row address(The 
row addresses are supplied by the on-chip refresh 
counter) 

3. Using read-modify-write cycles, read the “lows'writ- 
ten during step 2 and write “highs” into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

4. Read the “highs” written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


Power-up 

If RAS=Vss during power-up, the KM41C4000C/CL/CSL 
could begin an active cycle. This condition results in 
higher than necessary current demands from the power 
supply during power-up. It is recommended that RAS 
and ply during power-up. It is recommended that RAS 
and CAS track with Vcc during power-up or be held a 
valid VIH in order to minimize the power-up current. An 
initial pause of 200 4 sec is required after power-up fol- 
lowed by any 8 RAS cycles before proper device oper- 
ation is assured. Eight initialization cycles. aré also 
required after any 16(L-version:128, SL-version:256) 
msec period in which there are no RAS cycles. An 
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DEVICE OPERATION (Continued) 


initialization cycle in which RAS is cycled. 


Termination 


The lines from the TTL driver circuits to the 
KM41C4000C/CL/CSL inputs act like unterminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
temination may be used,series temination is generallu 
recommended since it is simple and draws on addition- 
al power. It consists of a resistor in series with the input 
line placed close to the KM41C4000C/CL/CSL input 
pin. The optimum value depends on the board layout. It 
must be determined experimentally and is usually in the 
range of 20 to 40 ohms. 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching transinent 
effects are minized. The recommended methods are 
gridded power and ground lines or separate power and 
ground planes. The power and ground lines act like 
transmission lines to the high frequency transients gen- 
erated by DRAMS. The impedance is minimized if all 
the power supply traces to all the DRAMS run both hor- 
izontally and vertically and are connected at each inter 


section or better yet if power and ground planes are 


“ used. 


Decoupling 

The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage 
droop on the Vcc line can cause loss of data integrity 
(soft errors). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voltage - 
(measured at the device pins) should not exceed 
500mV 


A high frequency 0.1 «F ceramic decoupling capacitor 
should be connected between the Vcc and ground pins 
of each KM41C4000C/CL/CSL using the shortest pos- 
sible traces. These capacitors act as a low imped ance 
shunt for the high frequency switching transients gener- 
ated by the KM41C4000C/CL/CSL and they supply 
much of the current used by the KM41C4000C/CL/CSL 
during cycling. 


In anddition, a large tantalum capacitor with a value of 
47 »Fto 100 «Fcapacitors between cycles, thereby 
reducing power line droop. The bulk decoupling capaci- 
tor meet the power grid or power plane. Even better 
results may be achieved by distributing more than one 
tantalum capacitor around the memory array. 
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PACKAGE DIMENSIONS (Continued) 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: inches (millimeters) 


0.027 (0.69) 
MIN 


0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 
“0.340 (8.64) - 
0.008 (0.20) 
0.012 (0.30) 


0.295 (7.49) 
0.305 (7.75) 


0.670 (17.02) 
0.680 (17.27) 


—— 


J 0.128 (3.25) 
0.145 (3.68) 


a 0.004 (0.1) 


0.050 (1.27) . | 0.015 (0.38) 0.026 (0.66) 
TYP 0.021 (0.53) 0.032 (0.81) 
0.050 (1.27) 
MAX 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


1.025(26.04) 0.113(2.87) 
1.035(26.29) 0.120(3.05) 
¢ . 


a 


0.335(8.51) 
00(10.16) 
MAX 


ne 


0.325(8.26) 


0.009(0.23) 
0.013(0.33) 


0.100(2.54) 
TYP 


ts 


0.016(0.41) | | i 0.050(1.27) 0.050(1.27) 0.100(2.54) 
0.024(0.61) TYP MAX MIN 
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PACKAGE DIMENSIONS £<continuea) : 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) (Forward and Reverse Type) 
Units: Inches (millimeters) 


0.03 (0.80) 


0.359 (9.12) 
0.367 (9.32) 


0.324(8.22) 


0.671 (17.04) 
0.679 (17.24) 


0.047 (1.20) 


i 

| 

| 

| 

| 

| 

l 

I 
0.298 (7.57) | 
0.302 (7.67) 


0.039 (1.0) 


0.005 (0.13) 
0.008 (0.20) 


(ran a ee ee 
S[ooscm) CHARHE— THAAD 
0.048 (1.22) | | 0.012 (0.30) 
0.052 (1.32) 0.020 (0.50) 
0.016 (0.40) 
0.024 (0.60) 
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4M x1 Bit CMOS Dynamic RAM with Static Column Mode - 
FEATURES GENERAL DESCRIPTION 


« Performance range: The Samsung KM41C4002C is a CMOS high speed 4,.° : 
194,304 x 1. Dynamic Random Access Memory. Its - 
| stra | teac | tre | design is optimized for high performance applications~ .- 
KM41C4002C-5 | 50ns | 13ns | 90ns | such as mainframes and. mini computers, graphics and 
KM41C4002C-6 | eons | 16ns | 110ns | high performance microprocessor systems. 


KM41C4002C-7 The KM41C4002C features Static Column Mode .. 
KM41C4002C-8 | sons | 20ns | 150ns | operation which allows high speed random or 


Sequential access within a row. Static Column Mode. : 
operation offers high performance while relaxing many 
critical system timing requirements for fast usable _ 
speed. 


¢ Static Column Mode operation 

¢ CS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 
« Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

« Commom I/O using Early Write 

¢ Single +5.0V+10% power supply 

* 1024 cycles/16ms refresh The KM41C4002C is fabricated using Samsung's ° 


. JEDEC Standard pinout advanced CMOS process. 
¢ Available in plastic SOJ, ZIP and TSOP(II) Packages 


CS-before-RAS refresh capability provides on-chip - 
auto refresh as an alternative to RAS-only refresh. All - 
inputs and output are fully TTL compatible. 
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PIN CONFIGURATION (Top Views) 


* KM41C4002CJ * KM4104002CZ * KM41C4002CT 


° KM41C4002CTR 


[Pin Names [Pin Function | 
Address Inputs 


Read/Write Input 
Row Address Strobe 
Chip Select Input 


Power (+ Ad 
Ground 
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ABSOLUTE MAXIMUM RATINGS 


[—___Perametr———«d|Smbot[Ratng i 
[ Wotage on Any Pin Relate toes «|W Vour |i v70 «| 
[etg or Sippy Fe oes [ee tw vr 
[seraetenprawe | Paste 
[Power Disinaion ————SSC~=~idCSC‘“‘ SSS 
TC ce a Se” RT Ue 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to abso- 
lute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


KM4104002C-5 
Operating Current* KM41C4002C-6 
(RAS and CS Cycling @trc=min.) KM41C4002C-7 
KM41C4002C-8 


Standby Current (RAS=CS=W=Vin ) 


KM41C04002C-5 
KM41C4002C-6 
KM41C04002C-7 
KM41C4002C-8 


KM41C4002C-5 

Static Column Mode Current* KM4104002C-6 
(RAS=CS=ViL, Address Cycling @tpc=min.) KM41C4002C-7 
, KM41C4002C-8 


Standby Current (RAS=CS=W=Vcc-0.2V) 


f KM41C4002C-5 
CS-Before-RAS Refresh Current* KM41C4002C-6 
(RAS and CS Cycling @trc=min.) KM41C4002C-7 

KM41C04002C-8 


RAS-Only Refresh Current* 


(CS=Vin, RAS, Address Cycling @tac=min.) 


Input Leakage Current 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) 


Output Léakage Current 
(Data out is disabled, 0V<VouT< Vcc) 


Output High Voltage Level (loH=-5mA) 
Output Low Voltage Level (lo.=4.2mA) 


*NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with the 
output open. Icc is specified as an average current. Icc1, Icc3, Iccé Address can be changéd maximum two times 
while RAS=ViL. In Icc4, Address can be changed maximum once during a Static Column mode cycle. 
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KM41C4002C = CMOS DRAM 


CAPACITANCE (1a=25°c, Vcc=5v, f=1MHz) 


ee ee 


Input Capacitance (Ao~Aj10) pF 


AC CHARACTERISTICS (°c <14<70°C, Voo=5.0V+10%, See notes 1,2) 


Parameter 
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Random read or write cycle time 
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Read-modify-write cycle time 
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Static column mode cycle time 
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Static column mode read-write cycle time 
Access time from RAS 
Access time from CS 


Access time from column address 
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Access time from last write 
CS to output in Low-Z 
Output buffer turn-off delay 
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Output data hold time from column address 
Output data enable time from W 
Output data hold time from W 
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sls 
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ea 
Transition time (rise and fall) | 50 
RAS precharge time tRP =e = 
RAS pulse width tras 
RAS pulse width(static column mode) 
FAS hot ire Fassel Oe 
CS hold time | | ie oil a 
CS pulse width tcs 10,000 10,000 10,000 


C5 pulse width (static column mode) 
RAS to CS delay time 


RAS to column address delay time 
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CS to RAS precharge time 
CS precharge time (static column mode) 


Row address set-up time 
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Row address hold time 


Column address set-up time 
Column address hold 
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Write address hold time referenced to RAS 
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Note 


AC CHARACTERISTICS (Continued) 


Parameter 


Column address hold time referenced to RAS twa | | | nm) | 
Column address to RAS lead time ft | 2/ | of | 
Column address hold time referenced to RAS rise, fm | 5] | sl | 
25 |_20 


: 


no ow 
Oo on 


ow =—_fjo2]};2 )/2 [|= = a jos fof — —~i |} nN 
ao ojo fo }o |o on alan! o lm on ataian 
= 
Qo 


Last Write to column address to delay time 


Last write to column address gold time 


Read command set-up time 


i 
| of | 
Read command hold time referenced to CS | tron | of | of | 
Read command hold time referenced to RAS ft | of | of | 
Write command hold time Htwow | of =| of | 
Write command hold time referenced to RAS | wor | 40] | ef] 


Write command pulse width 
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uv 
A 
OQ 
i : 
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Write command inactive time 


a 
Es 
Oo 
ls 
tf) 
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or 


Write command to RAS lead time 


Write command to CS lead time 


= 
on 


| Data-in set-up time 
Data-in hold time - 
Data-in hold time referenced to RAS 
Refresh period (1024 cycles) 
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mir fi|yr |o 
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Write command set-up time 

CS to W delay time 

RAS to W delay time 

Column address to W delay time 

CS setup time (CS-before-RAS refresh) 
CS hold time (CS-before-RAS refresh) 
Write command set-up time (test mode in) 
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Write command hold time (test mode in) 

Wto RAS precharge time (CS-before-RAS cycle) 
Wto RAS hold time (CS-before-RAS cycle) 

RAS precharge to CS hold time ~ 
Refresh counter test CS precharge time 
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TEST MODE CYCLE | . (Note.13) 


: 
JAccesstimefom PAS | trac 
[Access time from column address | tea 
[RAS puse width =| ts 
RAS hold time trs 
[Column adress to PAS loadtime |_| 
[RAS to White enable delay | tO 
ts 

tro 
RAS pulse width (Static column mode) | tras 
taw 


> ~ 


g |g |Z 
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NOTES | | 

1. An initial pause of 200us is required after power- and the data out pin will remain high impedance for 
up followed by any 8 CBR or ROR cycles before’ the duration of the cycle. If tewo2tcwpimin) and 
proper device operation is achieved. trwo2trwp(min) and tawo2tawnimin), then the cycle 

2. Virimin) and Vi(max) are reference levels for measur- is a read-write cycle and the data out will contain 
ing timing of input signals. Transition times are the data read from the selected address. If neither 
measured between Vinimin) and Vir~max), and are of the above conditions are satisfied, the condition 
assumed to be 5ns for all inputs. of the data out is indeterminate. 

3. Measured with a load equivalent to 2 TTL loads and 9. Either tac or taRH must be satisfied for a read 
100pF cycle. es 

4. Operation within the trcpimax) limit insures that 10. These parameters are referenced to the CS leading 
trac(max) Can be met. trcpimax) is specified as a edge in early write cycles and to the W leading edge 
reference point only. If tacp is greater than the in read-write cycles. 
specified trcp(max limit, then access time is con- 11. Operation within the trap(max) limit insures that 
trolled exclusively by tcac. trac(max) can be met. trap(max) is specified as a 

5. Assumes that tacp?trcD(max). reference point only. If trap is greater than the 

6. tawr, twor, toHr are referenced to trapimax) specified trapimax) limit, then access time is con- 

7. This parameter defines the time at which the out- trolled by taa. 
put achieves the open circuit condition and is not 12. Operation within the ttwapimax) limit insures that 
refernced to Von or VoL. taLwimax) Can be met. tLwap(max) is specified as a 

8. twcs, tawp, tcwo and tawp are non restrictive reference point only. t.wap is greater than the 
operating parameters. They are included in the data specified tLwapimax limit, then access time is con- 
sheet as electrical characteristics only. If . trolled by taa. 


twcs2twcs(min) the cycle is an early write cycle 13. These specifications are applied in the test mode. 
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TIMING DIAGRAMS 


READ CYCLE 
i trc = 
tre =i 
RAS Vin— tras 
Vit— 
[— tcsH — +t — 
tasr 
nm Vip— y, XX 
Vir-— WY 
tcrp 
= ViH— 
cs 
Vit~ 
a, Vip— TIYYVYVYVUVY VV VY 
= Wo RRR 
Q Vou— OPEN 
Vo_t— 


kX DON’T CARE 
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CMOS DRAM 


TIMING DIAGRAMS (Continued) 


WRITE CYCLE (EARLY WRITE) 


trac 
: tre 
RAS Vin— 
Vit— 
" tASR : 
Vin— OW © VatataVa’, Veale la aVaVaVa ava Va aVaraaVaVa’, 
‘ vie XY Row anoress KYW BERETS —_ HOR RO eno) 
tcrP | 
Pd 
cs ViH— 
Vit— 
tcw : 
cece Vin— A/S/VVYYVVVVVYSYV VY VV VY MAASV/ VY VV V/V VSYVY Y/Y VV VAS Y ; 
Ww vi RRR ROR | 
tRWL 
i toH 
Vip~ VYV/VVVYVVVYVVYVVVYVVVUVVVYVY SM/JJVV VV VYV VV VV VY VV VV VY VV 
0 Vin YR _vatiO DATA _ SOK KK 
Mocs toHR 
Q te OPEN 
READ-WRITE/READ-MODIFY-WRITE CYCLE 
: tRwc — +4 
, trp-——— 
cc Ge es 
tRWL 
tasR | 
AT Bi persons YORI comms XRUERRERIRRTD 
trop 
tcre cap ae “ j}—_— tcrP—— 
cs VIH— | tcs Z 
ViL- 
tres 
tcwo 
tawD — tow. — 
— tRwD 
Se Vie— YOYVYYWIVVVUVYV VV VV | +t LYK YKKK YK KK KKK KKK 
w vie SOX TTX 
ft ES i 
ViH— VVVVV VSVYVVV VASA AASV VV YYYYYY YY VV XX YVYYV YX YY X XY 
vam XK YH 087 DOA XA 
tcac 
r trac aa L.— torr 
ove x) VIAN 
a. — nom 
CLZ ; 
KX DON'T CARE 


te” 
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KM41C4002C 3 CMOS DRAM 


TIMING DIAGRAMS (continued) 
STATIC COLUMN MODE READ CYCLE 


tRas¢ tap— 
rae Vip 
Vit— \ 
t 
tasr tsc tsc— tRaL—— —4 taH 
Vin— AQ Row vYY COLUMN COLUMN COLUMN YY 
A a DR AbOhess OK _Repwtes DK SBewtss DX ESuueS KMS 
sae TRAD =p — tore] 
ome tan-— = top }——— tRSH 
Vie— [— tesc tcsc 
cs tRRH 
Vir— t——---—— trep-}-- ---+] 
tacs-— 
i t - tesH | 
= Viq—- AAKKWYY VV v KI VVV 
Ww OX KA KAA | VU XKKX) 
Vi—  KXXXX XxX XX XY VY taa XX 
‘ VoH— 
Vot— 


STATIC COLUMN MODE WRITE CYCLE (W controlled early write) 


trp 


coe ViH— ara _ tRASC a 
RAS Vi 
tRAH 
tasR tCaH tRAL 
Viq— UY) ROW (AY X\ F COLUMN "4 x) COLUMN OY COLUMN CKKVVYYVYY 
A vn KBR aoontss POOKAX Ropnees PRCA ADDRESS RLIOK. KDERESS MXKXKKKXD 
tawr tRSH— 
tRAD ASC tesc top torr ——| 
Vin— OXKKKKA) WON, 
cs We EREOKED, ROKK 
Ww 
OAARIK YY VV m™ Y (COC OCCCCECCCENS 
p KKK BOK BAP ORK BAT RR RIKKI 
Vox— 
Q ei OPEN 


Kx DON’T CARE 


PSimsuNag - 
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TIMING DIAGRAMS (Continued) 
STATIC COLUMN MODE WRITE CYCLE (CS controlled early write) 


- trp ma 
tRASC 


=. = 
RAS 
Vit— 
tasr : 
L_ 
Viq~ YAY Row fae i page een 
ROI 08 ERK ROE KOO £85 OK S85 ORD 


Vin— 


A Vit— 0.0.0.0 4,9 W y \ .9,9.9.9.9 
tawr tcp + |-— tRsH Send 
Vin—- 
- Vir- ‘ ee " : 
[wer twes{ tw tosc 
twes 'WCH 
Vip— ARAKAAARAYYVO v9 t ¥, Ve¥,¥, 0.4.4. 0.4.0, 0,V, 0.9. 0,¥, 
«TT RUBBER | Ye he SOO 
—_—_-_— tpHR i t tbH 
tos | tbH Baca 
Vin— YR) Vv. A\ VALID Vat sV,VAV,VV.0V.9.0,9, 0,0, 0,0,0,0,9, 
p vi QO Cae ROM Barn KKK Dara XK 
Q You OPEN 
Vo_— 
STATIC COLUMN MODE READ-WRITE CYCLE 
j-- _—$—— ---— tras ——_-—___ feel 
— Vin— 
RAS 
Vit— 
thay: tral -——---~ 
tasr tCAH tRwi 
| __ 
ViH— VAS R OY MN *AVYYYY WYYVYYYYXYYY> 
» vi 20K Rotress ROK Roonees PARRY) ORK) 
bee—-tRAD - -tsprwe }--- — ps enes 
cs ViH— tcwp sat 
Vit— aoe ai 
: Missle F ta tow 
jh RWD -—— AWD ; 
= Vin— WOKLKKOKKRH t twe—AKK ROOK RRAKRKKY 
w Vi SRR KRY | ONE 
tos 
je... trop —+-—+ 
Y 
Vip— YY Y AVY SYA ALAS ASSAY VALID MIY AVY VALID WYK KKK KX XK XK KKK 
p Vim RK _ BATA RRR OE KK 
; ; tcac iB twoH [+ Wei 
taa taoHe tow ; 
ei tRAC - TALW — torr 
VoH— : ©) VALID YYYY VALID XXYXX 
Q ev HO Baik Rae EY 


teLz —4 


ix] DON’T CARE 
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TIMING DIAGRAMS (Continued) 
STATIC COLUMN MODE MIXED CYCLE 


— tRASC — 
oe ViH— 
RAS Wi 
So - tAHLW | t : 
te rar] top b+ tesc eae Te - tose a 
Viq— : AKK/YY . 
cs Vit— si AYYX LON | 
tasa— a = tasc  . i 7 rh - tRWL 
; teak | eae -tLWAD-> -- + -|tsc- — 
Vin—- AIO KY IKKKKKN) ACCCCNOS, ORK KK RA) 
+. OGG se EERE MERE = HERD 
: —_—-tawR——— ! - "CAH 
twcs ~ tewL-—] 
| } _ ‘ a 
uae ViHq— ; TKK KKK KY) i twi OXKXAK wa 
" Vit— OO) ; AX x OK? 
t-—--— twoR - 
tos taLw + i : ‘tbH 
tpH | — tos 
Vin— SRK LID (KAKKKAAAKKKARARARARARAA AAD Vv KARI VY 
0a QRORIRUR, Date PROOIORRROON, tae OOOO 
Pag thes tpHR taa | acer taa ve | yd ‘noid ne 
VoH— y 
0 He Dae PRO wate ROY 
ese READ ~~ BE AD-MODIFY.WRITE 
RAS-ONLY REFRESH CYCLE 
NOTE: W, A= Don’t care ae - trc 
ARE Viq— 
Vit— 
tcrp trec 
=e Vip— YYYYYYYYVYXYYYXYY . CAAA AAV, 
Se RY RRR 


t ‘ASR LItRAH 
Vin— AKAAKAKKRKKW AKMKKK KAKA AAAAAAAAAA AY 
5 Va OOK, Row aooness KEEN RRR) 


VoH— ‘ 
Vo_— 


CS-BEFORE-RAS REFRESH CYCLE 


NOTE: W, A=Don't care 


RAS Vin— 
Vir— 
cs Viq— OAT ATAN AAV AVAUAYAN AANA AVAN AS 
ve ENN 
Q ~ VoH— 
Vo_t— OPEN 


Rea DON’T CARE. 
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TIMING DIAGRAMS 6 continued) 
HIDDEN REFRESH CYCLE (READ) 


tac - tro 
trp tap 
car ws oe 
IH 
RAS tras tRAS 
Vir— ( 
trop tRSH 
tcrp Seeitieet| tar 
7 lf 
Vit— hee tRAH 
taSR t--_tRAD tHae _| i 
— Vie KX XX ROW 4) TYAWY VAP A AAAS YA AAAAAAA 
: Vie SRA ADD POM _CotUMN ADDRESS OAK YK RCRD 
= tres q—— = 
WwW Vip— KY XK XYXVY XXX) WXXKX KX KK KKK KK KKK KK KK KK KKK KY KKK XY 
Vi LORRY | Lac RAK KKK KKK RRR 
2 torr 
VoH— 
$ Vot— 
tcLz 


HIDDEN REFRESH CYCLE (WRITE) 


RAS Vip— 
vu 
tS Viq— 
Vit— 
tasR+-—{ | trap [pcan ~ 
A Viq— XX () LK AAAAAAAA, AAAI AAAPAAAAVYY YA AASYYV VY) 
Vu DX ROO POX AD PKK KK RRR KKK 
w Vv a — tweu | y, 
WwW tH— “VAAYYVVYVVA7¥Y a YX YX KV XXX XKYX XXYX 
vi ROOK AXE 
D ViH— YXKKK YY) [LK KL KKK KKK KKK KKK KIRK KKK KKK 
vn — RRR RA AX KAKA AK MARNE ERROR M KAN? 
t-———— tpHR 
Q Ors ——-OPEN 
Vo_t— 


KX DON'T CARE 
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TIMING DIAGRAMS 6 continued) 
CS-BEFORE-RAS BEFRESH COUNTER TEST CYCLE 


tRAS 
ane Vin— 
Vit— 
—~ topt- | 
ss Vin— [— tcs — 
cs Vix 
= ke tasc taH 
Vie QA VV AAA RAR IYO NY ) 
: Vim RK coLUM ADDRES A 
‘ tRAL- — 
READ CYCLE ta Pte he 
_ REX no) 
tres eat aes —t4 tRRH 
oa Vip RAAKIVYYVVVYV AVA VV T MANY AVY 
w Vi ERR RRR RY : RY) 
: Ph yee, 
WRITE CYCLE teso— +] [teary ee alk 
Vir— YAAYYYYYYYVYYVY VY YY AAV VV (WY LLIN APL LY YLYLYL{YYLYLY/N\/ 
A Vim CARR KK RO RooRss DRI RY 
Q ae OPEN eee eet ee eee | 
twes — —— twcH | 
Tar Vin— VAVAVAVAVAVAVAVAVAVAVAVAVAWAVAVAVAVAVAVAVAYAN, i VVYYYVYYYAAS/VV VV 
' Vi RK RR KD AXXO 
- tos t—— tDH aoe 
ViH— TA AV AVAVAT AY, WAV AV AY, Wa, VV “ VAVAVAYAVAVAVAVAVAYAVAVAVAVAVAVAVAVAVAVAVAYAVAY, 
° Vi RRR KRG VALO DATA ALAXX XXX XK RAKE 
READ-WRITE CYCLE |_tCAH | 
A ViH— TAKKKAKAKAAAAARAA ARYA ORRIN AAV 
1 ORI couunn aooness RR 
VoH— VV | 
Q Vot— ; : 
tacs | uaa L——toww—4 |” | 
- tawD ---— TRWL- —| 
| /-—— tcwo— twou 
a Vi BRK KKK & KYA KY YK XK KY KY 
" Vi BRAY AK 
ips tbH 
ViH— AYWAAAAAASASAAAAAAAAAAASAAAAY AAAASYASY s (AKA YY VV VYYVVY 
; When RRR RRR RR aR RK ALO ATA RZ RORK NIA 


DON’T CARE 
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TIMING DIAGRAMS continued) 


TEST MODE IN CYCLE 
NOTE: D, Address=Don’t Care: 


RAS 
— ViIH— 
cs 
Vit— 
AY ARYL 
— URANO 
Q ViiOH — 


TEST MODE DESCRIPTION 


The KM41C4002C is the RAM organized 4,194,304 
words by 1 bit, it is internally organized 524,288 words 
by 8 bits. In “Test Mode’, data are written into 8 sec- 
tors in parallel and retrieved the same way. Aior. Aioc 
and Aoc are not used. If, upon reading, all bits are equal 
(all ‘1s or “O”'s), the data output pin indicates a “1”. 
If any of the bits differed, the data output pin would in- 


lets 
XXX wine ER ik ay 


RRO ieee XYXKKKY 
Ay RYAN AXA RAN NY 


YOY NK KX) 
RRXKXXXXNN XXX 


RK 


WKY NxXYY 


YR 
WY 


OPEN 
KX DON’T CARE 


dicate a ‘“‘O” In “Test Mode’, the 4M DRAM can be tested 
as if it were a512K DRAM. W, CS-Before-RAS Cycle 
(Test Mode in Cycle) puts the device into “‘Test Mode’”’. 
And “CS-Before-RAS Refresh Cycle” or “RAS only 
Refresh Cycle” puts it back into “Normal Mode’’. The 
“Test Mode” function reduces test time (1/8 in cases 
of N test pattern). 


aes? 
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DEVICE OPERATION 


Device Operation 

_ The KM41C4002C contains 4,194,304 memory loca- 
tions. Twenty-two address bits are required to address 
a particular memory location. Since the KM41C4002C 
has only 11 address input pins, time multiplexed 
addressing is used to input 11 row and 11 column 
addresses. The multiplexing is controlled by the timing 
relationship between the row address strobe (RAS), the 
chip select input(CS) and the valid row and column 
address inputs. 


Operation of the KM41C4002C begins by strobing in a 
valid row address with RAS while CS remains high. 
Then the address on the 11 address input pins is 
changed from a row address to a column address and 
is strobed in by CS. This is the beginning of any 
KM41C4002C cycle in which a memory location is 
accessed. The specific type of cycle is determined by 
the state of the write enable pin and various timing 
relationships. The cycle is terminated when both RAS 
and CS have returned to the high sta5e. Another cycle 
can be initiated after RAS remains high long enough to 
satisfy the RAS precharge time (tap) requirement. 


RAS and CS Timing 

The minimum RAS and CS pulse widths are specified 
by tras(min) and tcs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initated by 
bringing RAS low, it must not be aborted prior to satis- 
fying the minimum RAS and CS pulse widths. In addi- 
tion, a new cycle must not begin until the minimum 
RAS precharge time, trp, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within 
the KM41C4002C bigin a complex sequence of events. 
If the sequence is broken by violating minimum timing 
requirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining the write 
enable input(W) high during a RAS/CS cycle. if CS 
goes low before trcp(max), the access time to valid 
data is specified with respect to the falling edge of 
RAS. But the addess time also depends on the falling 
edge of CS and on the valid column address transition. 
If CS goes low before trcp(max) and if the column 
address is valid before trap(max) then the access time 
to valid data is specified by trac(min). However, if CS 
goes low after tRcp(max) or if the column address 
becomes valid after trap(max), access is specified by 
tcac or taa. In order to achieve the minimum access 
time, trac(min), it is necessary to meet both trcp(max) 
and trap(max). 


Write 

The KM41C4002C can perform early write, late write 
and read-modify-write cycles. The differece between 
these cycles is in the state of data-out and is deter- 
mined by the timing relationship between W and CS. In 
any type of write cycle, Data-in must be valid at or 
before the falling edge of W or CS, whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CS. The data at the data input pin(D) 
is wirtten into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z 
state. This cycle is good for common I/O applications 
because the data-in and data-out pins may be tied 
together without bus contention. 


Read-Modify-Write: In this cycle, valid data from the 
daaressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CS and meeting the data sheet read-modify-write 
cycle timing requirements. This cycle requires using a 
separate I/O to avoid bus contention. 


Late Write: If W is brought low after CS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tCWD and tAWD are not necessarily met. 
The state of data-out is indeterminate since the output 
can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate I/O to 
avoid bus contention. 


Data Output 

The KM41C4002C has a three-state output buffer 
which is controlled by CS. Whenever CS is high(VIH) 
the output is in the high impedance(Hi-Z) state. In any 
cycle in which valid data appears at the output, the 
output goes into the low impedance state in a time 


‘specified by tciz after the falling edge of CS. Invalid 


data may be present at the output during the time after 
tcLz and before the valid data appears at the output. 
The timing paraneters tcac, trac and taa specify when 
the valid data will be present at the output. The valid 
data remains at the output until CS returns high. This is 
true even if a new RAS cycle occurs (as in hidden 
refresh). Each of the KM41C4002C operating cycles is 
listed below after the corresponding output state pro- 
duced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Static Column Mode Read, Static Column 
Mode Read-Modify-Write. : 
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DEVICE OPERATION (Continued) 


Hi-Z Output State: Early Write, RAS-only Refresh, 


Static Column Mode Write, CS-before-RAS Refresh, - 


C5-only cycle. 
Indeterminate Output State: Delayed Write 


Refresh 
The data in the KM41C4002C is stored on a tiny 


capacitor within each memory cell. Due to leakage the — 


data may leak off after a-period of time. To maintain 
data integrity it is necessary to refresh each of the 
rows every 16ms. There are several ways to accom- 
plish this. 


RAS-Only-Refresh: This is the most common method 
for performing refresh. It is performed by strobing in a 

“row address with RAS while CS remains high. This 
cycle must be repeated for each row. 


CS-before-RAS Refresh: The KM41C4002C has CS- 
Before-RAS on-chip refresh capability that eliminates 
the need for external refresh addresses. If CS is held 
. low for the specified set up time (tcsr) before RAS 
goes low, the on-chip refresh circuitry is enabled. An 
internal refresh operation automatically occurs. The 
refresh address is supplied by the on-chip refresh 
address counter which is then internally incremented in 
preparation for the next CS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be per- 
formed while maintaining the latest valid data at the 
output by extending the CS active time and cycling 
RAS. The KM41C4002C hidden refresh cycle is actu- 
ally CS-before-RAS refresh cycle within an extended 
read cycle. The refresh row address is provided by the 
on-chip refresh address counter. 


Other Refresh Methods: It is also possible to refresh 
the KM41C4002C by using read, write or read-modify- 
write cycles. Whenever a row is accessed, all the cells 
in that row are automatically refreshed. There are cer- 
‘tain applications in which it might be advantateous to 
perform refresh in this mammer but in gheneral RAS- 


only or CS-before-RAS refresh is the preferred 


method. . 


_ Static Column Mode » 

Static Column Mode allows high speed read, write or 
read-modity-write random access to all the memory 
cells within a selected row. Operation within a selected 
row is similar to a static RAM. The read, write or 
readmodify-write cycles may be mixed in any order. 

A Static Column mode read cycles starts as a normal 
cycle. Additional cells within the selected row are writ- 
ten by applying a new column address while W=ViH 
and RAS=VIL. 


A Static Column mode write cycle starts as a normal 
cycle. Additional cells within the selected ro are written 
by applying a new column address while RAS=Vit and 
toggiling either W or CS. The data is written into the 
cell trigered by the latter fallin edge of W or CS. 


CS-before-RAS Refresh Counter Test Cycle 
A special timing sequence using the CS-before-RAS 
refresh counter test cycle provides a convenient 
method of verifying the functionality of the CS- 
befofore-RAS refresh activated circuitry. 


After the CS-before-RAS refresh operation, is cs goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 


This is shown in the CS-before-RAS counter test cycle 
timing diagram. A memory ‘cell can be addressed with 
11 row address bits and 11 column address bits 
defined as follows. ; 


Row Address — Bits AO through A9 are supplied by 
the on-chip refresh counter. The A10 bit is set: High 
internally. 


Column Address — Bits AO through A10 are strobed-in 
by the falling edge of CS as in a normal memory cycle. 


Suggested CS-before-RAS Counter Test | 
Procedure 

The CS-before-RAS refresh counter test cycle timing is 
used in each of the following steps: 


1. nitialize the internal refresh counter by performing 
8 cycles. , 

2. Write a test pattern of "lows" into the memory cells 
at a single column address and 512 row address. 
(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycles, read the "lows" 
written during step 2 and write "highs" into the 
same memory locations. Perform this step 512 
times so that highs are written into the 512 memo- 
ry cells. 

4. Read the "highs" written during step 3. 

5. Complement the test pattern and repeat steps 2,3 
and 4 


Power-up 

If RAS= Vss during power-up, the KM41C4002C could 
begin an active cycle. This coundition results in higher 
than necessary current demands from the power sup- 
plu during power-up. It is recommended that RAS and 


_CS track with Vcc during power-up or be held at a 


valid Vin in order to minimize the power-up current. 


cit!” 


ELECTRONICS — 


142 


KM41C4002C 


CMOS DRAM 


DEVICE OPERATION (Continued) 


An initial pause of 200 sec is required after power-up 
followed by 8 initialization cycles before proper device 
operation is assured. Eight initialization cycles are also 
required after any 8 msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 


Termination 

The lines from the TTL driver circuits to the 
KM41C4002C inputs act like unterminated transmis- 
sion lines resulting in significant overshoot and under- 
shoot at the inputs. To minimize overshoot it is advis- 
able to terminate the input lines and to keep them as 
short sa possible. Although either series or parallel ter- 
mination may be used, series termination is generally 
recommended since it is simple and draws no addi- 
tional power. It consists of a resistor in series with the 
input line placed close to the KM41C4002C input pin. 
The optimum value depends on the board layout. It 
must be determined experimentally and is usually in 
the range of 20 to 40 ohms. 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching transient 
effects are minimized. The recommended methods are 
gridded power and ground lines or separate power and 
ground planes. The power and ground lines act like 
transmission lines to the high frequency transients gen- 
erated by DRAMS. The impedance is minimized if all 
the power supply traces to all the DRAMS run both 


PACKAGE DIMENSIONS 


horizontally and verticaooy and are connected at each 
intersection or better yet if power and ground planes 
are used. 


Decoupling 

The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage 
droop on the Vcc line can cause loss of data integrity 
(soft erros). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voltage 
(measured at the device pins) should not exceed 
500mvV. 


A high frequency 0.14F ceramic decoupling capacitor 
should be connected between the Vcc and ground 
pins of each KM41C4002C using the shortest possible 
traces. These capacitors act as a low impedance shunt 
for the. high frequency switching transients generated 
by the KM41C4002C and they supply much of the cur- 
rent used by the KM41C4002C during cycling. 


In addition, a large tantalum capacitor with a value of 
47F to 100%F should be used for bulk decoupling to 
recharge the 0.14F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling 
capacitor should be placed near the point where the 
power traces meet the power grid or power plane. 
Even better results may be achieved by distributing 
more than one tantalum capacitor around the memory 
array. 


Units: Inches (Millimeters) 


——— —~_-____-__ | 


0.300{7.62) 
0.325(8.26) 


0.862 (21.89) 
0.872 (22.15) 


0.050 (1.27) 


0.135 (3.43) 
0.145 (3.68) 


0.100 (2.54) 
TYP 


0.035 (0.89) 
0.055 (1.40) 


0.016 (0.41) 
0.024 (0.61) 


= 


0.009 (0.23) / 


_ 9.015 (0.38) 0.013 (0.33) 
MIN 
0.183 (4.65) 
| MAX 
0.115 (2.92) 
_MIN 
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PACKAGE DIMENSIONS (continueq) 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.027 (0.69) 
, MIN 


0.260 (6.60) ° 
0.275 (6.98) 
0.330 (8.38) 
0.340 (8.64) 
0.012 (0.30) 


0.008 (0.20) 


0.295 (7.49) 
0.305 (7.75) 


0.128 (3.25) 
0.145 (3.68) 


0.670 (17.02) 
0.680 (17.27) 


iz 


0.004 (0.1) 


0.050 (1.27) 0.015 (0.38) 
TYP 0.021 (0.53) 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


1.025(26.04) : 
1.035(26.29) 
J : 


0.026 
0.032 
0.050 (1.27) 


(0.66) 
(0.81) 
MAX 


0.113(2.87) 
0.120(3.05) 


0.325(8.26) 
0.335(8.51) 


0.400(10.16) 


0.009(0.23) 
0.013(0.33) 


0.100(2.54) 0.100(2.54) 
MIN : TYP 


0.016(0.41) | 0.050(1.27) 0.050(1.27) 
0.024(0.61) TYP MAX 
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PACKAGE DIMENSIONS (continued) 


20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.324(8.22) 
0.359 (9.12) 
0.367 (9.32) 


0.298 (7.57) 
0.302 (7.67) 


0.671 (17.04) 
0.679 (17.24) 


[QI_ 9.003 (0.08) | GHEE EH [HHae Hy 
| 0.048 (1.22) 0.012 (0.30) 
0.052 (1.32) 0.020 (0.50) 


0.047 (1.20) 


0.039 (1.0) 


0.03 (0.80) 


0,005 (0.13) 
0.008 (0.20) 


EL 


0.016 (0.40) | 
0.024 (0.60) 
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CMOS DRAM 


1M x4Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


* Performance range: 


P| trv | tac | tre | 
KM44C1000C/CL/CSL-5_| 50ns | 13ns | 90ns | 
KM44C1000C/CL/CSL-6 | 60ns 
KM44C1000C/CLICSL-7_ | 70ns | 20ns | 130ns | 

rareactoo0crcyest:8 | eons | 2ors [100s 


» Fast Page Mode operation 
- CAS-before-RAS refresh capability 
« RAS-only and hidden refresh capability 
* Fast parallel test mode capability 
¢ TTL compatible inputs and outputs 
« Early Write or output enable controlled write 
¢ Single + 5V +10% power supply 
¢ Refresh Cycle 
— 1024 cycle/16ms (Normal) 
— 1024 cycle/128ms (L-version) 
— 1024 cycle/256ms (SL-version) 
¢ Power Dissipation 
— Standby: 5.5mW (Normal) 
1.1mW (L-Ver.) — 
0.55mW (SL-Ver.) 
—— Active (50/60/70/80): 470/415/360/305mW 
¢ JEDEC standard pinout 
¢ Available in plastic DIP,SOJ, ZIP and TSOP -Iil 
packages 


FUNCTIONAL BLOCK DIAGRAM 


CONTROL & 
CLOCK 
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>| 
n 


Q 
35 


GENERAL DESCRIPTION 


The Samsung KM44C1000C/CL/CSL is a high speed 
CMOS 1,048,576 x 4 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as mainframes and mini computers, 
graphics and high performance microprocessor 
systems. 


The KM44C1000C/CL/CSL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alterntive to RAS-only Refresh. All inputs and outputs are 
fully TTL compatible. 


The KM44C1000C/CL/CSL is fabricated using 
Samsung's advanced CMOS process. 


REFRESH CONTROL & 
be ADDRESS COUNTER 


ie COLUMN DECODER 
i 


. SENSE AMPS & 1/0 


a 
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aE 
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Ao 
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MEMORY ARRAY 
1,048,576 x 4 CELLS 
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KM44C1000C/CL/CSL CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM44C1000CP/CLP/CSLP . KM44C1000CJ/CLJ/CSLJ * KM44C1000CZ/CLZ/CSLZ 


* KM44C1000CT/CLT/CSLT * KM44C1000CTR/CLTR/CSLTR 
Pin Names Pin Function 
RAS Row Address Strobe 
CAS Column Address Strobe 
WwW Read/Write Input 
OE Data Output Enable 
DQi~DQ4 | Data In/Data Out 
Vec ; Power (+5V) 
Ground 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter 


Voltage on Any Pin Relative to Vss Vin, Vout - —1 to +7.0 
Voltage on Vcc Supply Relative to Vss Vec —1 to +7.0 


Storage Temperature Tsig —55 to +150 
Power Dissipation Pp 600 
Short Circuit Output Current los 50 


* 


Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vgc, Ta=0 to 70C ) 


Parameter 


Supply Voltage 


Ground 
Input High Voltage 
Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol | Min | Max [Units 
; — 7 KM44C1000C/CL/CSL-5 - 
Operating Current KM44C1000C/CL/CSL-6 - 75 | mA 
(RAS and CAS Cycling @trc=min.) KM44C1000C/CL/CSL-7 loot : 65 | mA 
KM44C1000C/CL/CSL-8 : om 55 | mA | 
Standby Current (RAS=CAS=W=Vin) Ice erg * 2 mA 
a KM44C1000C/CLICSL-5 | - | 85 | ma 
RAS-Only Refresh Current* KM44C1000C/CL/CSL-6 - 75 mA 
(CAS=ViH, RAS, Address Cycling @tRc=min.) KM44C1000C/CL/CSL-7 aad . 65 mA 
KM44C1000C/CL/CSL-8 - 55 mA 
KM44C1000C/CL/CSL-5 - | 65 | mA 
Fast Page Mode Current* KM44C1000C/CL/CSL-6 . 55 | mA 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM44C1000C/CL/CSL-7 ust . 45 mA 
KM44C1000C/CL/CSL-8 | - 35 t mA 
Standby Curent . KM44C1000C 1 mA 
GRSSCASLWeVEE 6a) KM44C1000CL Iccs | . | 200 | uA 
= ee eae KM44C1000CSL i 4 100 | wA 
panes ae : KM44C1000C/CL/CSL-5 - 85 nA 
CAS-Before-RAS Refresh Current* IAC IecoeIECELe ‘ 75 na 
(RAS and CAS Cycling @trc=min.)- -KM44C1000C/CL/CSL-7 loce - 65 mA 
KM44C1000C/CL/CSL-8 - 55 mA 
Battery Back Up Current i 
Average Power Supply Current, 
Battery Back Up Mode, 
Input High Voltage(ViH)=Vcc-0.2V Ase poy Icc7 i oS AN 
Input Low Voltage(ViL)=0.2V 
CAS=CAS-Before-RAS Cycling or 0.2V 
Da1-4=Don't Care, Trco=125s(L-Ver) 
Trc=250#s(SL-Ver.), TRas=TRAS Min~300ns 
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DC AND OPERATING CHARACTERISTICS (continued) 


Parameter Symbol | Min | Max Units 
Input Leakage Current (Any input o<Vin<Vcc+0.5V : hw 410 | 10 aA 
all other pins not under test=0 volts.) 

| 
Output Leakage Current low) 10 10 an 
(Data out is disabled, OV<VouT < Vcc) 
4. 

Output High Voltage Level (loH=-5mA) VOH 2.4 - Vv 
Output Low Voltage Level (loL=4.2mA) Vou : 0.4 Vv 


* Note: Ioc1, !loc3, leca and Iccg are dependent on output loading and cycle rates. Specified value are obtained with 
the output open. Icc is specified as average current. Icc1, Iccs, lecs, Address can be changed maximum two times 
while RAS=ViL. Icca, Address can be changed maximum once during a fast page Mode cycle. 


CAPACITANCE m<=25°C, Voc=5V, f=1MHz) 


Parameter: 


Input Capacitance (Ag-Ag) 


-5 -6 -7 -8 

Parameter | Symbol Max | Min| Max Unit | Notes 
Random read or write cycle time 
Read-modify-write cycle time 205 ns : 
Access time from RAS 70 80; ns | 3,4,11 
Access time from CAS | 20 [ 20| ns | 3,45 
Access time from column address [| tas 25 30 35 40 | ns 3,11 
CAS to output in Low-Z’ teLz 0 0 0 0 |_fs 3 
Output buffer turn-off delay , toFF Oo}; 13 0 15 0 20 0} 20) ns 7 
Transition time(rise and fall) tT 3 50 3 50 3 50 i 3 50] ns 2 
RAS precharge time trp | 30 L 50 60 ns 
RAS pulse width tRAS 50; 10,000 | 60 | 10,000} 70{ 10,000] 80] 10,000] ns 
RAS hold time T trash | 13 | 45 20 20 ns 
CAS hold time [tesa | 50 60 | 70) 80 ns 
CAS pulse width tCAS 13] 10,000 | 15! 10,000} 20) 10,000} 20] 10.000; ns | 
RAS to CAS delay time tRCD 20 37, 20 [ 45] 20 50} 20} . 60] ns 4 
RAS to column address delay time | tRAD 15 25 | 15 30; 15 35} 15 40] ns 11 
CAS to RAS precharge time toRP 5 5 5 5 ns 
Row address set-up time tASR 0 a) ns 
Row address hold time tRAH 10 10 ns 
Column address set-up time { tasc | 0 0 | ns 
Column address hold time tCAH 15 15 ns 
Column address hold time referenced to RAS taR 55 60 ns 6 
Column address to RAS lead time tRAL 35 40 ns 


en ~ 
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AC CHARACTERISTICS (Continued) 


Parameter ee  Max_| Min ~— Unit | Notes 

Read command set-up time trcs_| 0 0 ns 
Read command hold time referenced to CAS tRCH 0 0 ns | 
Read command hold time referenced to RAS tRRH 0 0 ns 9 
Write command hold time tWCH 10 15 == ns 
Write command hold time referenced to RAS {wer 40 60 ns 6 
Write command pulse width twe 10 15 “ns 
Write command to RAS lead time tRWL 13 20 ns 
Write command to CAS lead time | tow. | 13 20; “ieanee 
Data-in-set-up time | tos 0 0 ns 10 
Data-in hold time to» | 10] | 15 15 ns | 10 
Data-in hold time referenced to RAS | tom | 40] | 55 60 — ns 6 
Refresh period (Normal) 16 16 16 16 | ms 
Refresh period (L-ver) 128 128 128 | ms 
Refresh period (SL-ver) 256 256 256 256 
Write command set-up time twcs 0 

A 


CAS to W delay time tcwo 


36 
RAS to W delay time two | 73 | | roof | 110 
Column address to W delay time tAWD 48 | | sf sf offs ons | 8 
CAS set-up time (CAS-before-RAS refresh) tCsR 10 


of | of is 
CAS hold time(CAS-before-RAS refresh) tcxr | 10 
RAS to CAS precharge time tRPC 5 


CAS precharge time (C-B-R counter test cycle) topT 


no 
oO 
ined 


ow 

a 
— 
Aira) on 
: 


Access time from CAS precharge {CPA 


| Fast page mode cycle time tec 


76 


= 
Oo 
So 


Fast page mode read-modify-write cycle time 


al 
or 


[ns | 

"| RAS pulse width(Fast Page Mode) | tease | 50] 200,000] 60 | 200,000 200,000 | ns | 
CAS precharge time(Fast page mode) tcp 10 10 | [ns | 
RAS hold time from CAS precharge truce | 30 40 | | a] sons | 
OE access time “| toa 15 | | 20] ns | 


= 
Le) 


OE to data delay toeD 


a 


Output buffer tum off delay time from OE tOEZ 
OE command hold time tOEH 


—* oo]; fie —+ i} /| an > => 


Z 
a 
oo o | 


_— 
tsa) 
Oo 


— 
w!]o 


=a / ao 
o;un 
= 
Oo 


Write command hold time (test mode in) tWTH 


a=} 

oO; oO 
“a } a 
oOo; oO 
—} of a 
o;ro 


Write command gold time (test mode in) tweH 
Wto RAS precharge time(C-B-R recycle) twee | 10 
Wto RAS hold time(C-B-R rcycle) twRH 10 0 f= | 
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TEST MODE CYCLE (Note. 12) 

el acc 
arameter ni otes 

i a Max 3 

Random read or write cycle time ns 

Read-modify-write cycle time tRWC 210 ns 

Access time from RAS tRAC 75 85! ns | 3,4,11 

Access time from CAS tcac 25 25] ns | 3,45 

ala time from.column address a ae 40 45/ ns | 3,11 

PE ut nn | ssn te | | ssn | | Taos 

CAS pulse width tcas 18| 140,000 | 20] 10,000; 25) 10,000; 25/ 10,000] ns 

RAS hold time tRSH | 18 20 25 | 25 ns 

CAS hold time tCSH | 55 65 75 85 ns [ 

| Column address to RAS lead time tRAL 30 35 | 40 ns 

CAS to write enable delay tcwo 41 45 | - 55 55 ns 8 

RAS to write enable delay tRWD 90 105 115 ns 8 

Column address to W delay time §3 60 70 7 ns 8 

Fast mode cycle time 40 45 50 55 ns 

Fast page mode read-modefy-write ey 81 85 100 105 ns 

RAS pulse width(Fast page mode] |_55| 200000 | 65| 200000 | 75| 200000 | 85| 200000 | ns 

| «| {| | | «4 0 | ns | 3 

[OFsccestine SS tom | 


deal ie el 
[eEtwcaedely SSS tm |e] | PC |i wpm | 
‘eEconmaninoiine fw | vel af | w| [sl fw] | 


NOTES 


1. 


NOOO 


An initial pause of 200us is required after power up 
followed by any 8 CAS-before-RAS or RAS-only Re- 
fresh cycles before proper device operation is 
achieved. 


~ Vixtmin) 2Nd Vi_imax) are reference levels for measuring 


timing of input signals. Transition times are measu- 


red between Vinmin) ANd Viimax, and are assumed 


to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads and 


100pF. 


. Operation within the tacpimax limit insures that trac 


(max) Can be met. tacpimax) is specified as a reference 
point only. If tacpimax) is greater than the specified 
tacp(max) limit, then access time is controlled exclusi- 
vely by toac. 


. Assumes that tacp > trcpimax). 
. tar, twor, tour are referenced to traD(max): 
. This parameter defines the time at which the output 


achieves the open circuit condition and is not refer- 
nced to Voy or Vo. 


- twcs, tawo; tewo and tawp are non restrictive opera- 


ting parameters. They are included in the data sheet 
as electrical characteristics only. If twcs > twcs(min) 
the cycle is an early write cycle and the data out 


14. 


pin will remain high impedance for the duration of 
the cycle. if tewo = towp min) and trwo = tawo(min) and 
tawp = tawpimin), then the cycle is a read-modify-write 
cycle and the data our will contain the data read 
from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out 
is indeterminate. 


. Either tacy or tary must be satisfied for a read cycle. 
. These parameters are referenced to the CAS leading 


edge in early write cycles and to the W leading edge » 
in read-modify-write cycles. , 


. Operation within the taapmax limit insures that trac 


(max) Can be met. trapimax) iS Specified as a reference 


‘ point only. If trap is greater than the specified trap 


(max) limit, then access time is controlled by taa. 


. These specifications are applied in the test mode. 
. In test mode read cycle, the value of trac, taa, tcac 


is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torFimax) 2Nd toezimax) define the time at which the 
output achieves the open circuit condition and are 
not referenced to output voltage level. 


en 
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TIMING DIAGRAMS 
READ CYCLE 
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TIMING DIAGRAMS (continued) 
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TIMING DIAGRAMS (continued) 
READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 
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TIMING DIAGRAMS 6 continuea) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS 6 continues) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE ‘ tre 
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TIMING DIAGRAMS (continue) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 
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TEST MODE DESCRIPTION 


The KM44C1000C/CL/CSL is the RAM organized 1, 
048,576 words by 4 bit internally organized 524,288 
words by 8 bits. In "Test Mode", data are written into 8 
sectors in parallel and retrieved the same way. Column 
address bit Ao is not used. If, upon reading, two bits on 
one I/O pin are equal (ail "1" or "O"s) the I/O pin 
indicates a "1". If they were not equal, the !/O pin 
would indicate a "0". In "Test Mode", the 1M x 4 DRAM 


IKK KKK 


CMOS DRAM 


— tac 


tap 
tras 
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DLL LLM 


OPEN 


Men DON’T CARE 


can be tested as if it were a 512K x 4DRAM. W, CAS- 
BEFORE-RAS Cycle (Test Mode in Cycle) puts the 
device into "Test Mode", And "CAS-BEFORE-RAS 
REFRESH CYCLE" or "RAS-only-Refresh Cycle" puts it 
back into "Normal Mode". During the test mode 
operation, a WCBR cycle is used to perform refresh. 
The "Test Mode" function reduces test time(1/2 in 
cases of N test pattern.) 
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CMOS DRAM 


DEVICE OPERATION 


The KM44C1000C/CL/CSL contains 4,194,304 memory 
locations. Twenty address bit are required to address a 
particular 4-bit word in the memory array. Since the 
KM44C1000C/CL/CSL has only 10 address input pins, 
time multiplexed addressing is used to input 10 row (Ao- 
As) and 10 column (Ao-Ag) address. The multiplexing is 
controlled by the timing relationship between the row 
address strobe (RAS), the column adress strobe(CAS), 
and the valid row and column address inputs. 


Operating of the KM44C1000C/CL/CSL begins by 

- Strobing in a valid row address with RAS while CAS 
remains high. Then the address on the 10 address 
input pins (Ao-As) is changed from a row address to a 
column address and is strobed in by CAS. This is the 
beginning of any KM44C1000C/CL/CSL cycle in which 
a memory location is accessed. The specific type of 
cycle is determined by the state of the write enable pin 
and various timing relationships. The cycle is terminat- 
ed when bath RAS and CAS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time 
(tRP) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These mini- 
mum pulse widths must be satisfied for proper device 
operation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to satisfy- 
ing the minimum RAS and CAS pulse widths. In addi- 
tion, a new cycle must not begin until the minimum RAS 
precharge time, tap, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM44C1000C/CL/CSL begin a complex sequence of 
events. If the sequence is broken by violating minimum 
timing requirements, loss of data integrity can occur. 


Read 


A read cycle is achieved by maintaining the write 


enable input (W) high during RAS/CAS cycle. The — 


access time is normally specified with respect to the 
falling edge of RAS. But the access time also depends 
on the falling edge of CAS and on the valid column 
address transition. 
if CAS goes low before trcp(max) and if the column 
address is valid befor tacp(max), the access time to 
valid data is specified by trac(min). However if CAS 
goes low after tncp(max), access is specified by tcac or 
taa. In order to achieve the minimum access time, tRAC 
(min), it is necessary to meet both tRcD(max) and tRAD 
- (max). The KM44C1000C/CL/CSL has common data 
1/0 pins 
The this reason. an output enable control input (OE) has 
been provided so the output buffer can be precisely 


controlled. For data to appear at the output, OE must 
be low for the period of time defined by toca and toeEz. 


Write 

The KM44C1000C/CL/CSL can perform eary write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W, OE 
and CAS. In any type of write cycle, Data-in must be 
valid at or before the falling edge of W or CAS, 
whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The data at the data input pins 
is written into the addressed memory cells. Throughout 
the early write cycle the output remains in the Hi-Z 
state. In the early write cycle the output buffers remain 
in the three state regardless of the state of the OE 
input. 


Read-Modify-Write: In this cycle, valid data from the 
addressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CAS and meeting the data sheet read-modify-write 
cycle timing requirements. This cycle requires using a 
separate I/O to avoid bus contention 


Late Write: lf W is brought low after CAS, a late write 
cycle will occur, The late write cycle is very simiar to the 
read-modify-write cycle except that the timing parame- 
ters, tRwD, tcwD and tawp, are-not necessarily met. The 
state of date-out is indeterninate since the output can 
be either Hi-Z or contain data depending on the timing 
conditions. This cycle requires a separate I/O to avoid 
bus contention. 


Data Output 

The KM44C1000C/CL/CSL has a three-state output 
buffer which is controlled by CAS and OE. Whenever 
CAS and OE are high(Vin), the outputs are in the high 
impedance state. In any cycle in which valid data 
appears at the output the output goes into the low 
impedance state in a time specified by tcuz after the 
falling edge of CAS. Invalid data may be present at the 
output during the time after tcLz and before the valid 
data appears at the output. The timing parameters tcac, 
trac and taa specify when the valid data will be present 
at the output. The valid data remains at the output untill 
CAS retums high. This is true even if anew RAS cycle 
occurs. (as in hidden refresh). Each of the 
KM44C1000C/CL/CSL operating cycles is listed below 
after the corresponding output state produced by the 
cycle. 
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DEVICE OPERATION (continued) 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode 
Read-Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-before-RAS Refresh, OE con- 
trolled write. 


Indeterminate Output State: Delayed Write(tcwp or 
tRWD are not met) 


Refresh 

The data in the KM44C1000C/CL/CSL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To maintain 
data integrity it is necessary to refresh each of the rows 
every 16/128/256ms. There are several ways to 
accomplish this. 


RAS-Only Refresh: This is the most common method 
for performing refresh. It is performed by strobing in a 
row address with RAS while CAS remains high. This 
cycle must be repeated for each row. 


CAS-before-RAS Refresh: The KM44C1000C/CL/CSL 
has CAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CAS is vheld low for the specified set up time (tcsr) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the on-chip 
refresh address counter which is then internally incre- 
mented in preparation for the next CAS-before-RAS 
refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be per- 
formed while maintaining the latest valid data at the 
output by extending the CAS active time and cycling 
RAS. The KM44C1000C/CL/CSL hidden refresh cycle 
is actually a CAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is provid- 
ed by the on-chip refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
KM44C1000C/CL/CSL by using read, write or read- 
modify write cycles. Whenever a row is accessed, all 
the cells in that row are automatically refreshed. There 
are certain applications in which it might be advanta- 
geous to perform refresh in this manner but in general 
RAS-only or CAS-before-RAS refresh is the preferred 
method. 


Fast Page Mode 

Fast page mode provides high speed read, write or 
read-modify-write access to all memory cells within a 
selected row. These cycles may be mixed in any order. 


A fast page mode cycle begins with a normal | cycle. 
Then, while RAS is kept low to maintain the CAS is 
cycled to strobe in additional column addresses. This 
eliminates the time requried to set up and strobe 
sequential row addresses for the same page 


CAS-before-RAS Refresh Counter Test Cycle 
A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of ver- 
ifying the functionality of the CAS-before-RAS refresh 
activated circuitry. 


After the CAS-before-RAS refresh operation, is CAS 
goes high and then low again while RAS is held low, 
the read and write operations are enabled. 


This is shown in the CAS-before-RAS counter test 
cycle timing diagram. A memory cell be addressed 
with 10 row address bits and 10 column address bits 
defined as follows 


Row Adaress- Bits Ao through Ag are supplied by the 
on-chip refresh counter. 


Column Address-Bits Ao through Ag are supplied by the 
falling edge of CAS as in a normal memory cycle. 


Suggested CAS-before-RAS counter 

Test Procedure 

The CAS-before-RAS refresh counter test cycle timing 

is used in each of the following steps: 

1. Initialize the internal refresh counter by performing 8 
CAS-before-RAS cycles. 

2. Write a test pattern of “lows” into the memory cells 
at a single column address and 1024 row address 
(The row addresses are supplied by the on-chip 
refresh counter) 

3. Using read-modify-write cycle, read the “lows” writ- 
ten during step 2 and write “highs” into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

4. Read the "highs" written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


Power-up 

if RAS=Vss during power-up, the KM44C1000C/CL/CSL 
cold possibly begin an active cycle. This condition 
results in higher than necessary current demands from 
the power supply during power-up. It is recommended 
that RAS and CAS track with Vcc during power-up or 
be held at a valid Vin in order to minimize the power-up 
current. An initial pause of 200 psec is required after 
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DEVICE OPERATION (Continued) 


power-up followed by 8 initialization cycles before prop- 
er device operation is assured. Eight initialization cycles 
are also required after any 16(L-ver:128, SL-ver:256) 
msec period in which there are no RAS cycles. An ini- 
tialization cycle is any cycle in which RAS is cycled. 


Termination 


The lines from the TTL driver circuits to the 
KM44C1000C/CL/CSL inputs act like unteminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terrminate the input lines and to keep them 
as short as possible. Although eiter series or parallel 
temination may be used,séries termination is generally 
recommended since it is simple and draws no addition- 
al power. It consists of a resistor in series with the input 
line placed close to the KM44C1000C/CL/CSL input 
pin. The optimum value depends on the board: layout. It 
must be determined experimentally and is usually in the 
range of 20 to 40 ohms. 


Board Layout 

It is importnat to lay out the power and ground lines on 
memory boards in such a way that switching transinent 
effects are mimized. The recommended methods are 
gridded power and ground lines or separate power and 
ground planes. The power and ground planes. The 
power and ground lines act like transmission lines to 
the high frequency transients generated by DRAMS. 


PACKAGE DIMENSIONS 


20-LEAD. PLASTIC DUAL IN-LINE PACKAGE 


0.962 (24.43) 


The impedance is minimized if all the power supply 
traces to all the DRAMS run both horizontally and verti- 
cally and are connected at each intersection or better 
yet if power and ground planes are used. 


Decoupling 


The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage 
droop on the Vcc line can cause loss of data integrity 
(soft errors). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voltage 
(measured at the device pins) should not exceed 
500mV 


A high frequency 0.1 “F ceramic decoupling capacitor 
should be connected between the Vcc and ground pins 
of each KM44C1000C/CL/CSL using the shortest pos- 
sible traces. These capacitors act as a low impedance 
shunt for the high frequency switching transients gener- 
ated by the KM44C1000C/CL/CSL and they supply 
much of the current used by the KM44C1000C/CL/CSL 
during cycling. 


In addition, a large tantalum capacitor with a value of 
47uF to 100“F should be used for bulk decoupling to 
recharge the 0.14F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling capaci- 
tor meet the power grid or power plane. Even better 
results may be achieved by distributing more than one 
tantalum capacitor around the memory array. 


Units: Inches (Millimeters) 


0.972 (24.69) 


0° — 10° 


300 (7.62) 
0.325 (8.26) 


0.135 (0.43) 


: 0.145 (3.68) 


iL: 


0.015 (0.38) 


MIN 
0.009 (0.23) 


0.013 (0.33) 


0.100 (2.54) 
TYP 


| 0.016 (0.41) 2 | 0.035 (0.89) 
~ TT" 0.024 (0.61) [~~~0.055 (1.40) 


0.183 (4.65) 
MAX 


0.115 (2.92) 
MIN 


0.050 (1.27) 
MAX 
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PACKAGE DIMENSIONS (continue) 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.027 (0.69) 
MIN ; 


a\o Sla eis ale 
Sih BIS BIg als 
x 2 210 1] 
Slt C16 BIB s/o 
212 Bho oI/9O aOln 
o oOo oOjs 

aS VIN 3/4 S/S 
o]oO o}o o]/oO o1o 


; 


: 0.128 (3.25) 
0.145 (3.68) 


0.670 (17.02) 
0.680 (17.27) 


0.050 (1.27) 0.015 (0.38) 0.026 (0.66) 
TYP 0.021 (0.53) 0.032 (0.81) 


0.050 (1.27) 
MAX 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


1.025(26.04) 
_-1.035(26.29) 
0 


ae INDEX Oo 


0.113(2.87) 
0.120(3.05) 


0.325(8.26) 
0.335(8.51) 


0.400(10.16) 


0.009(0.23) 
0.013(0.33) 


0.016(0.41) | L J 0.050(1.27) 0.050(1.27) 0.100(2.54) | 0.100(2.54) 
0.024(0.61) TYP MAX MIN TYP . 
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PACKAGE DIMENSIONS (continued) 


20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.03 (0.80) 


0.302 (7.67) 
0.324(8.22) 
0.359 (9.12) 
0.367 (9.32) 


0.298 (7.57) 


0.671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


Pere oe ee ee ee 
efoose] CHAAR AAAAD 
0.048 (1.22) | | 0.012 (0.30) 
0.052 (1.32) 0.020 (0.50) 
0.016 (0.40) | 
0.024 (0.60) 
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1M x4 Bit CMOS Dynamic RAM with Fast Page Mode 


(Write Per Bit Mode) 
FEATURES 


« Performance range: 


Pitre | toa | tre | 
KM44C1010C-5 | 50ns | 13ns | 90ns | 
KM44C1010C-6 | 60ns | 15ns | 110ns | 

Tene [zone [ 1600 


« Fast Page Mode operation 

« Write Per Bit Mode Capabillity 

- CAS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

« TTL compatible inputs and outputs 

« Early Write or Output Enable Controlled Write 

« Singple +5V+10% power supply 

¢ 1024 cycles/16ms refresh 

¢ JEDEC standard pinout 

¢ Available in plastic DIP, SOP ZIJ and TSOP{(il) 
Packages 


KM44C1010C-7 
KM44C1010C-8 


FUNCTIONAL BLOCK DIAGRAM 


CONTROL & 
CLOCK 


Ao 


ADDRESS BUFFERS 
ROW DECODER 


Ag 


REFRESH CONTROL & 
ADDRESS COUNTER 


COLUMN DECODER r 


SENSE AMPS & I/O GATING 


MEMORY ARRAY 
1,048,576X4 Cells 


GENERAL DESCRIPTION 


The Samsung KM44C1010C is a high speed CMOS 1, 
048,576 x 4 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 


The KM44C1010C features Fast Page Mode operation 
which allows high speed random access of memory 
cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only. refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C1010C is fabricated using Samsung's 
advanced CMOS process. 


W1/DQ1 
to 
Wa/DQ4 


—— Vec 


—— Vss 
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PIN CONFIGURATION (Top Views) 


* KM44C1010CP * KM44C1010CJ * KM44C1010CZ 
i . ; ; 
w40a;| 1 | 120] Vss W1/ DQ; 1 20D Vss 


W2/DQ2 C4 2 19 1 Wa4/DQ,4 
W2/0Q2 W4/DQ ee 
2/DQa| 2 19] WalDQ, wew C3 18 DWsDQ3 
W/W | 3 | 118] W3/DQ3 RAS C4 
C15 a 
RAS | CAS ns 16 HOE 
Ag [5] 16] OF 
Ao| 6 | 15] As Aol]6 15 DAs 
A A,0j7 4410 Az 
1 14] Az A218 13D As 
Az Ag A3Q9 2 As 
VecX]10 O 112A, 
A3 | 9 | As 
Voc | 10 Aa 
E 
« KM44C1010CT * KM44C1010CTR 


wypa,[T}1 © 20] T] Vss Vss([}20 1 [J] woe, 
W2/DQ2 {[ | 2 19, []Wa4lDQ, wWalDQ4[[}19 


[Pin Names [ Pin Function | 
Address Inputs 
217] w2/dDa: 

1 EU cies | RAS | Row Address Strobe 
WBW IT 13 181 []Ws/DQ3  wWe/DQ3[[]18 31 {| WEAV 


Column Address Strobe 


RAS(| 14 17] |] CAS CAS ||] 17 4[]] RAS 
Write per bit/Read/ 
Ag 1 OE OE {L] 16 5] A9 el 
Ls 6} UI a Write input 
Ao lT16 15[T] As Ag []}15 6{]] Ao OE Data Output Enable 
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ABSOLUTE MAXIMUM RATINGS* 


——— a 
Voltage on Any Pin Relative to Vss -1 to +7.0 


Voltage on Vcc Supply Relative to Vss 


-1to +7.0 


Storage Temperature , 
Power Dissipation — - a ee ee 
Pts Tl 


Short Circuit Output Current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to abso- 
lute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Input High Voltage 


Input Low Voltage 


.| KM44C1010C-5 

Operating Current* KM44C1010C-6 
(RAS and CAS Cycling @trc=min.) KM44C1010C-7 
KM44C1010C-8 


Standby Current (RAS=CAS=WB/W=Vu ) 


KM44C1010C-5 
KM44C1010C-6 
KM44C1010C-7 
KM44C1010C-8 


KM44C1010C-5 
Standby Column Mode Current* KM44C1010C-6 
(RAS=Vit, CAS, Address Cycling @tec=min.) KM44C1010C-7 

KM44C1010C-8 . 


RAS-Only Refresh Current* 
(CAS=Vin, RAS Cycling @trc=min.) 


Standby Current (RAS=CAS=WB/W=Vcc-0.2V) 


KM44C1010C-5 
CAS-Before-RAS Refresh Current* KM44C1010C-6 
(RAS and CAS Cycling @trc=min.) KM44C1010C-7 
KM44C1010C-8 


Input Leakage Current 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) 


Output Leakage Current 
(Data out is disabled, OV<VouT<Vcc) 


Output High Voltage Level (lox=-5mA) 


Output Low Voltage Level (lo.=4.2mA) 


*NOTE: Icc1, Icc3, lcc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with the 
output open. Icc is specified as an average current. Icc1, Icc3, Iccé Address can be changed maximum two times 
while RAS=VIL. In Icc4, Address can be changed maximum once during a Fast Page mode cycle. 
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CAPACITANCE CTa=25°C, Voc=5V, f=1MHz) 


Paraben Siro] in Max [i 
Input Capacitance (Ao~Ag) Cit 7h eee ee es 
Input Capacitance (RAS, CAS, WB/W, OE) Cin2 
Fe eee ae ear ee 


AC CHARACTERISTICS (0°c<tTa<70°C, Vec=5.0V+10%, See notes 1,2) 
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Read command hold time referenced to RAS 


_~ 
nn 


S 
z= 
i 
— as . 
—_ = —_ 
=o Qo om [an 
on 


Divio 
8 18 |e 
aja |§ 
2 fo 
§ |§ la 
a 
3/13 /a 
8/8 |g 
3S ja 
ala 18 
Z 18/5 
— — | = 
fe ht 
= IS |B 
(Fp) 
3 l/s |@ 
= 13 8 
2 [oe 
S| |= 
@ 3 
a ra) 
Ss 
OQ 
2 
[ee) 
Pe er ee 
ao |D |pyp 


Write command hold time 
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AC CHARACTERISTICS (Continued) 


Write command hold time referenced to RAS 
Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 


Data-in set-up time 


g 
3 
S 


= _ 
ao oo 


Data-in hold time 

Data-in hold time referenced to RAS 
Refresh period 

Write command set-up time 

CAS to W delay time 

RAS to W delay time 

Column address to W delay time 


CAS precharge time 
(CAS-before-RAS counter test cycle) 


Write command hold time (test mode in) 

W to RAS precharge time (CAS-before-RAS cycle) | twrp 
W to RAS hold time (CAS-before-RAS cycle) 

OE access time 

OE to data delay 


Output buffer turn off delay time from OE 
OE command hold time toe 
Write per bit set-up time 
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Write per bit selection set-up time tw 
Write per bit selection hold time two 
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TEST MODE CYCLE 


Random read or write cycle time 


Read-modity-write cycle time 


Access time from RAS 


Access time from CS 


Access time from column address 
RAS pulse width 


CAS pulse width 


RAS hold time 

CAS hold time 

Column address to RAS lead time 
CAS to Write enable delay 

RAS to Write enable delay 
Column address to W delay time 


Access time from CAS au 
OE access time 
OE to data delay 

-| OE command hold time 


— [a oOolP ait lS ots ts 1m 


NOTES 


1. 


NO OV 


An initial pause of 200us is required after power- 
up followed by any 8 RAS cycles before proper 
device operation is achieved. . 


. Vin(min) and V,,(max) are reference levels for meas- 


uring timing of input signals. Transition times are 
measured between Vi(min) and Vic(max) and are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads and 


100pF. 


. Operation within the tacp(max) limit insures that 


trac(max) can be met. trcn(max) is specified as a 
reference point only. If trcp is greater than the 
specified tacp(max) limit, then access time is con- 
trolled exclusively by tcac. 


. Assumes that trcp<taco(max). 


. twor, tour are referenced to trap(max). 
. This parameter defines the time at which the out- 


put achieves the open circuit condition and is not 
referenced to Vou or Vo. 


. twos, tawo, tewo and tawp are non restrictive operat- 
ing parameters. They are included in the data sheet - 


as electrical characteristics only. If twcs>twcs(min) 
the cycle is an early write cycle and the data out 
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11. 


12. 
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pin will remain high impedance for the duration of 
the cycle. If tewo>tcwo(min) and tawo> trwo(min) and 
tawo > tawo(min), then the cycle is a read-write cycle 
and the data out will contain the data read from the 
selected address. If neither of the above conditions 
are satisfied, the condition of the data out is indeter- 
minate. 

Either tracy or trex must be satisfied for a read 
cycle. 

These parameters are referenced to the CAS leading 
edge in early write cycles and to the W leading edge 
in read-write cycles. 

Operation within the trap(max) limit insures that trac 
(max) can be met. trap(max) is specified as a refer- 
ence point only. If trap is greater than the specified 
tRAD(max) limit, then access time is controlled by taa. 

These specifications are applied in the test mode. 
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TIMING DIAGRAMS 


READ CYCLE © tec 
tras tre 
eee 
— Vin 
RAS Vi 
tore taco tasH a 
[= = 


cs WT = 


tasr 
= 
‘ Vin — SERRA ROW KAD 
x ADDRESS 


Vie we 
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AY 
man Vi = KKK KKK AK KR RI 
ee oy 
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\X ( 


trac | 


a Vin — 
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OE RRR 
W,/DQ ae 
wwW/DQ, Vor 4 ae, 
WRITE CYCLE (EARLY WRITE) 
Vit — 


ae Oe Speer’ Gae 
“ He 
rae 


= Serna 
Vin — YY Y V * 
xvi A acocss ROM sooness 


twas 
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CD 
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| twos mes 
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TIMING DIAGRAMS (Continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 


Pe ed 

Benn! View — E 
RAS Vii — 

torp taco tas 
2. Wee -— =—- 
om Vi c——— 

2 i 
RY COLUMN XXX XXKK KK 
A ie ath ADDRESS ar ae ESS a yo OY OY MY 
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—— Vin — \/ XXX XYX) XX) WV XXX) 
wew } Sans TEER x ORR Oh IR NONCOOCeN, ry AY ROY 
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Vi — OY RO) Ts ears XXXKK RORY SKY RY x) 
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Vue — JOY Y Y 
88° EE oon 


READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ CYCLE 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
RAS-ONLY REFRESH CYCLE 


NOTE: WB/W, OE=Don't Care 


5 Vin — tras 
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CAS-BEFORE-RAS REFRESH CYCLE 


NOTE: WB/W, OE, A=Don't Care 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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TIMING DIAGRAMS (continued) 


TEST MODE IN CYCLE | 
NOTE: OE, Address=Don't Care 
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TEST MODE DESCRIPTION 


The KM44C1010C is the RAM organized 1,048,576 
words by 4 bit, itis internally organized 524,288 words 
by 8 bits. In “Test Mode’, data are written into 8 sec- 
tors in parallel and retrieved the same way. Column ad- 
dress bit Ao is not used. If, upon reading, two bits on 
one I/O pin are equal (all ‘“1"’s or “O’’s), the I/O pin in- 


dicates a “1”. If they were not equal, the I/O pin would _ 


BXX) 
KX 


y, YY XYK XXX 
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trac 


tRAS tre 


\/ \\ Vay, XXXXXKKKK XX XY XXX VVVV/ KX XY) 
KK Rie 
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KK RRR KKK 
NParaetaratallarellatateltatarerecetatararerorcasertan 


OPEN 


ROX DON’T CARE 


indicate a “O”. In “Test Mode”, the 1MxX4 DRAM can 
be tested as if it were a 512KX4 DARM. W, CAS- 
Before-RAS Cycle (Test Mode in Cycle) puts the device 
into “Test Mode”. And “CAS-Before-RAS Refresh Cy- 
cle” or “RAS only Refresh Cycle” puts it back into “‘Nor- 
mal Mode”. The “Test Mode” function reduces test time 
(1/2 in cases of N test pattern). 
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DEVICE OPERATION 


Device Operation 

The KM44C1010C contains 4,194,304 memory locations 
organized as 1,048,576 four-bit words. Twenty address 
bits are required to address a particular 4-bit word in the 
memory array. Since the KM44C1010C has only 10 
address input pins, time multiplexed addressing is used to 
input 10 row and 10 column addresses. The multiplexing is 
controlled by the timing relationship between the row 
address strobe (RAS), the column address strobe (CAS) 
and the valid address inputs. 


Operation of the KM44C1010C begins by strobing in a 
valid row address with RAS while CAS remains high. Then 
the address on the 10 address input pins is changed from 
a row address to a column address and is strobed in by 
CAS. This is the beginning of any KM44C1010C cycle 
in which a memory location is accessed. The specific type 
’ of cycle is determined by the state of the write enable 
pin and various timing relationships. The cycle is ter- 
minated when both RAS and CAS have returned to the 
high state. Another cycle can be initiated after RAS re- 
mains high long enough to satisfy the RAS precharge time 
(tap) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by trasimin) and tcasimin) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tap, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM44C1010C begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 


Aread cycle is achieved by maintaining the write enable, 


input(W) high during a RAS/CAS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. But the access time also depends on the falling 
edge of CAS and on the valid column address transition. 


If CAS goes low before tacpimax) and if the column ad- 
dress is valid before trapimax) then the access time to 
valid data is specified by tracimin). However, if CAS goes 
low after trapimax), access is specified by tcac or taa. 
In order to achieve the minimum access time, tRac(min), 
it is necessary to meet both tacpimax, and trapimax). 


The KM44C1010C has common data VO pins. For this 
reason an output enable control input (OE) has been pro- 
vided so the output buffer can-be precisely controlled. 


For data to appear at the outputs, OE must be low for 
the period of time defined by toga and toez. 


Write 

The KM44C1010C can perform early write. OE controlled. 
write and read-modify-write cycles. Each of these write 
cycles is achieved by maintaing the write per bit write enable 
(WB/W) input high at the ie falling edge of RAS. If write-per bit 
function is performed, WB/W is kept low at the falling edge 
of RAS. The difference between these cycles is in the state 
of data-out and is determined by the timing relationship bet- 
ween W, OE and CAS IN any type of write cycle, Data-in 
must be valid at or before the teing edge of W or CAS, 
whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The 4-bit wide data at the data 
input pins is written into the addressed memory cells. 
Throughout the early write cycle the output remains in 
the Hi-Z state. In the early write cycle the output buffers 
remain the he Hi-Z state regardless of the state of the 
OE input. 


Read-Modify-Write: \n this cycle, valid data from the ad- 
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca- 
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write timing re- 
quirements. This output enable input (OE) must be low 
during the time defined by togaand toez for data to ap- 
pear at the outputs. If tcwp and trwop are not met the out- 
put may contain invalid data. Conforming to the OE timing 
requirements prevents bus contention on the 
KM44C1010C DQ pins. 


Write-Per-Bit 


- Write-per-bit function is performed in the write cycle, that 


is early write. OE controlled write, read-modify-write. Write- 
per-bit markes it possible selectively to write one or more 
of the four I/O pins. To perform write per-bit function at 
the falling edge of RAS the write-per-bit/Write enable 
(WB/W) is kept low and at the same time Mask data of 
input pins to write among 4 1/O pins must be in high. If 
1/O pins that Mask data is kept low, write operation is 
inhibited. 


Data Output 

The KM44C1010C has a three state output buffer which 
are controlled by CAS and OE. When either CAS or OE 
is high (Vin) the output are in the high impedance (Hi-Z) 
state. In any cycle in which valid data appears at the out- 
put, the output goes into the low impedance state in a 
time specified by tciz after the falling edge of CAS. In- 
valid data may be present at the output during the time 
after tc_z and before the valid data appears at the out- 


put. The timing parameters tcac, trac and taa sepcify 
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when the valid data will be present at the output. This 
is true even if a new RAS cycle occurs (as in hidden 
refresh). Each of the KM44C1010C operating cycles is 
listed below after the corresponding output state produc- 
ed by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast page Mode Read, Fast Page Mode Reaa- 
Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-only cycle. 


Indeterminate Output State: Delayed Write (tcwp or 
trwp are not met) 


Refresh 

The data in the KM44C1010Cis stored on a tiny capacitor 
within each memory cell. Due to leakage the data may 
leak off after a period of time. To maintain data integrity 
it is necessary to refresh each of the rows every16 ms. 
There are several ways to accomplish this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each of the 1024 row addresses, 
(Ao-Ag). 


CAS-before-RAS Refresh: The KM44C1010C has CAS- 
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If CAS is held low 
for the specified set up time (tcsr) before RAS goes 
low, the on-chip refresh circuitry is enabled. An internal 
refresh operation automatically occurs. The refresh ad- 
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CAS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM44C1010C hidden refresh cycle is actually a CAS- 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on- eve 
refresh address counter. 


Other Refresh.Methods: It is also possible to refresh the 
KM44C1010C by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. There are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


CAS-before-RAS Refresh Counter Test 


Cycle . 

A special timing sequence using the CAS-before-RAS 
refresh counter test cycle provides a convenient method 
of verifying the functionality of the CAS-before-RAS 
refresh activated circuitry. The cycle begins as a CAS- 
before-RAS refresh operation. Then, if CAS is brought 
high and then low again while RAS is held low, the read 
and write operations are enabled. In this mode, the row 
address bits Ao through Ag are supplied by the on-chip 
refresh counter. 


Fast Page Mode 

Fast page mode provides high speed read, write or read- 

modify-write access to all memory cells within a selected 
row. These cycles may be mixed in any order. A fast page 
mode cycle begins with a normal cycle. 

Then, while RAS is kept low to maintain the row address, 
CAS is cycled to strobe in additional column addresses. 
This eliminates the time required to set up and strobe 
sequential row addresses for the same page. 


Power-up 

If RAS=Vss during power-up, the KM44C1010C could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. It is recommended that RAS and CAS track 
with Vcc during power-up or be held at a valid Vin in 
order to minimize the power-up courrent. 

An initial pause of 200 usec is required after power-up 
followed by 8 initialization cycles before proper device 
operation is assured. Eight initialization cycles are also 
required after any 8 msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 


Termination 

The lines from the TTL driver circuits to the KM44C1010C 
inputs act like unterminated transmission lines resulting 
in significant positive and negative overshoot at the in- 
puts. To minimize overshoot it is advisable to terminate 
the input lines and to keep them as short as possible. 
Although either series or parallel termination may be us- 
ed, series termination is generally recommended since 
it is simple and draws no additional power. It consists 


of a resistor in series with the input line placed close to - 


the KM44C1010C input pin. The optimum value depends 
on the board layout. It must be determined experimen- 
tally and is usually in the range of 20 to 40 ohms. 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching transient 
effects are minimized. the recommended methods are 
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gridded power and ground lines orseparate power and 
ground planes. The power and ground lines act like 
transmission lines to the high frequency transients 
generated by DRAMS. The impedance is minimized if all 
the power supply traces to all the DRAMS run both 
horizontally and vertically and are connected at each in- 
tersection or better yet if power and ground planes are 
used. 


Address and control lines should be as short as possi- 
ble to avoid skew. In boards with may DRAMS these lines 
should fan out from a central point like a fork or comb 
rather than being connected in a serpentine pattern. Aliso 
the control logic should be centrally located an large 
memory boards to facilitate the shortest possible address 
and control lines to all the DRAMS. 


Decoupling 
The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage droop 


PACKAGE DIMENSIONS 


20-LEAD PLASTIC DUAL IN-LINE PACKAGE 


0.962 (24.43) 


on the Vcc line can cause loss of data integrity (soft er- 
rors). It is recommended that the total combined voltage 
changes over time in the Vcc to Vss voltage (measured 
at the device pins) should not exceed 500mvV. 


A high frequency 0.1yuF ceramic decoupling capacitor 
should be connected between the Vcc and ground pins 
of each KM44C1010C using the shortest possible traces. 
These capacitors act as a low impedance shunt for the 
high frequency switching transients generated by the 
KM44C1010C and they supply much of the current us- 
ed by the KM44C1010C during cycling. 


In addition, a large tantalum capacitor with a value of 47pF 
to 100yuF should be used for bulk decoupling to recharge 
the 0.1yF capacitors between cycles, thereby reducing 
power line droop. The bulk decoupling capacitor should 
be placed near the point where the power traces meet 
the power grid or power plane. Even better results may 
be achieved by distributing more than one tantalum 
capacitor around the memory array.- 


Units: Inches (Millimeters) 


0.972 (24.69) 


300(7.62) 


+ 
= 
La 
se) 
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is 
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0.325(8.26) 


0.135 (3.43) 
0.145 (3.68) 


ihe 


0.009 (0.23) 


0.013 (0.33) 


0.015 (0.38) 


MIN 


0.100 (2.54) | is, 0.016 (0.41) _| 


0.035 (0.89) 


0.183 (4.65) 


MAX 


0.115 (2.92) 
MIN 


0.050 (1.27) 


TYP T6924 (0.61) 0.055 (1.40) 


MAX 
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PACKAGE DIMENSIONS (Continueq) | | 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD_ Units: Inches (millimeters) 


0.027 (0.69) 
| MIN 


—i— ale al =i 
=/5 BiB 3d ala 
a LS CIs BIS sic 
oO oR T's) So aIN 
218 RIS Sis Sls 
o|o So]o o!o Solo 


0.670 (17.02) 
0.680 (17.27) 


0.128 (3.25) 
: 0.145 (3.68) 


alow or 


0.050 a 27) 0.015 (0.38) 0.026 (0.66) 
0.021 (0.53) 0.032 (0.81) 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


0.050 (1.27) 
MAX 


1.025(26.04) 0.113(2.87) 
1.035(26.29) 0.120(3.05) 
. ol= pm 
6 | . 
foe) ° 
Ol ge  ¢ 
0 [o> rot 
“olo 4 
Pas 
0.009(0.23) 
; 0.013(0.33) 
0.016(0.41) | 0.050(1.27) 0.050(1.27) 0.100(2.54) | | 0.100(2.54) 
0.024(0.61) TYP MAX MIN TYP 
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PACKAGE DIMENSIONS (continued) 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.03 (0.80) 


0.298 (7.57) 
0.302 (7.67) 
0.324(8.22) 

0.359 (9.12) 
0.367 (9.32) 


0.671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


SS 
emo] THAR ——IHHHHD 
0.048(1.22) | 0.012 (0.30) 
0.052 (1.32) 0.020 (050) 
0.016 (0.40) | | 
0.024 (0.60) 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (I) (Forward and Reverse Type) 


- 0.016 (0.40) 
0.024 (0.60) 


0.232 (5.90) 
0.240-(6.10) 


0.626 (15.9) 
0.634 (16.1) 


0.565 (14.35) 
0.569 (14.45) 


0.039 (1.0) 


. 0.047 (1.20) 
aaa. 
[Loos oo] OITA 


0.004 (0.1) 0.022 (0.55) 0.016 (0.40) | 
0.012 (0.3) 0.018 (0.45) 0.024 (0.60) 
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1M x4 Bit CMOS Dynamic RAM with Static Column Mode 


FEATURES 
+ Performance range: 
[ terc | tro | 
Tons | éns | one 
Bons | 20ns_ | 1500s | 


KM44C1002C-5 — 


KM44C1002C-6 


KM44C1002C-7 
KM44C1002C-8 


¢ Static Column Mode operation 

- CS-before-RAS refresh capability 
- RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

+ Early Write or Output Enable Controlled Write 

+ Single +5V+ 10% power supply 

¢ 1024 cycles/16ms refresh 

¢ JEDEC standard pinout ; 
¢ Available in plastic DIP, SOJ, ZIP and TSOP(II) Package 


FUNCTIONAL BLOCK DIAGRAM 
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GENERAL DESCRIPTION 


The Samsung KM44C1002C is a CMOS high speed 1, 
048,576 x 4 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 


Static Column Mode Operation allows high sepeed 
random or sequential access within a row. The 
KM44C1002C offers high performance while relaxing 
many critical system timing requirements for fast 
usable speed. 


CS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible.. 


The KM44C1002C is fabricated using Samsung's 
advanced CMOS process. 


MEMORY ARRAY 
1,048,576 x 4 
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~PIN CONFIGURATION (Top Views) 


- KM44C1002CP * KM44C1002CJ * KM44C1002CZ 


* KM44C1002CT ‘ * KM44C1002CTR 


[Fin Names [ Pin. Funetion | 


Power (+ 5V) 
Ground 


Vcc 
Vss 
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ABSOLUTE MAXIMUM RATINGS* 


ee 
Voltage on Any Pin Relative to Vss | vin,Vour =| -tto+70—=—| ll 

ee es ee 
ee 


Voltage on Vcc Supply Relative to Vss 


Storage Temperature 


Power Dissipation 
Short Circuit Output Current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to abso- 
lute maximum rating conditions for extended periods may affect device reliability. 


BECOMMENE OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


KM44C1002C-5 
Operating Current* KM44C1002C-6 
(RAS and CS Cycling @trc=min.) . KM44C1002C-7 
KM44C1002C-8 


Standby Current (RAS=CS=W=Vin ) 


KM44C1002C-5 
KM44C1002C-6 
KM44C1002C-7 
KM44C1002C-8 


KM44C1002C-5 
Standby Column Mode Current" KM44C1002C-6 
(RAS=CS=Vi. Address Cycling @tec=min. ) : KM44C1002C-7 
KM44C1002C-8 


RAS-Only Refresh Current* 
(CS=Vin, RAS, Address Cycling @tRc=min.) 


Standby Current (RAS=CS=W=Vcc-0.2V) 


KM44C1002C-5 
CS-Before-RAS Refresh Current* _ KM44C1002C-6 
(RAS and CS Cycling @trc=min.) KM44C1002C-7 

KM44C1002C-8 


Input ieakane Current 
(Any input O0<Vin <Vcc+0. SV, all othér pins not under test=0 volts.) 


Output Leakage Current 
(Data out is disabled, OV<VouT<Vcc) 


Output High Voltage Level (loH=-5mA) 


Output Low Voltage Level (loL=4.2mA) 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with the 
output open. Icc is specified as an average current. Icc1, Icc3, Icce Address can be changed maximum two times 
while RAS=VIL. In Icca, Address can be changed maximum once during a static column mode cycle. 
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CAPACITANCE c1=25°c, Voc=5v, f=1MHz) 


(Parameter Sot] 
Input Capacitance (Ao~As) 
Input Capacitance (RAS, CS, W, OE) 


Input Capacitance (0Q1~DQ4) 
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a 
RAS to column address delay time 


C5 to RAS precharge time 


C 
RAS to CS delay time trp 
C 


SC 
RP 
) 


[toe | 
[tea 
[on | 


tc 
tc 


10 


Row address set-up time 


indom read or write cycle time 
ition time (7 
Spulse width | 
S pulse width (static column mode) | tc: 
AK ; 
S precharge time (static column mode 

Row address hold time 

Column address set-up time 

Column address hold 

Write address hold time referenced to RAS 


) 
"| Column address hold time referenced to RAS 
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AC CHARACTERISTICS (continued) 


Column address to RAS lead time 

Column:address hold time referenced to RAS rise 
Last Write to column address to delay time 

Last write to column address hold time taH 


Read command set-up time 
Read command hold time referenced to CS 


Read command hold time referenced to RAS. 
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Write command hold time 


=z 
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Write command hold time referenced to RAS 
. | Write command pulse width 


Write command inactive time wi 


Write command to RAS lead time 


ined —_ Nh PS 
Qo on nn Oo 


Write command to CS lead time 


= 
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_ | Data-in set-up time 


Data-in hold time 


|o 
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= 
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Data-in hold time referenced to RAS 
Write command set-up time 
CStoWdelay time 


RAS to W delay time 
Column address to W delay time 
CS setup time (CS-before-RAS refresh) 


CS hold time (CS-before-RAS refresh) 
RAS to CS hold time 
CS precharge time(CS-before-RAS counter test cycle) 


a 
j=] 
= 
a 


nh | => |o}o  ~“ | Dh wo 
o}o nm |} or | oN ao ; on nn 


—_ 
for) 


fo =] lle fo-) 


S|/z2|z 
=2i{o/]n 
0 |” 


sis /s 
xin |=s 
a ix ls 

— ~N 


ae 
of | so] ow 


o 
es) 
= 
i-} 


os 
a 
uU 
io) 


me fee foe [ee 
S15 |S 18 
R/S {fF |S 


Output buffer trun off delay time from OE 


OE command hold time. 
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TEST MODE CYCLE (Note.13) 


Parameter 


‘ 
: 


Random read or write cycle time tRC 

Read-modify-write cycle time tRwc 160 190 | | ato | 

Access time from RAS tRAC fie 65 75 ie 85 

Access time from CS tcac ie 20 25 ce 25 

Access time from column address 1 35 45 

RAS pulse width | sonn| sf ols | oo 


CS pulse width 

RAS hold time 

CS hold time 

Column address to RAS lead time 
CS to W delay time 


SFizvisco|s |SID lia lis 
£12 18 13 18 |2 18 is |= 
Sjo joy yz l= ” 
@ |so 
2 le sa |Rlola jo [oa [a 
RliSljalzZiISlF&lalalsa c |aH 


—_ | — 
2 |L 
o/]o 
ao lo ]w on 
S/o /o a 


RAS to W delay time | 90 | 

Column address to W delay time | 60 | | | ws] | ns | 
Static column mode cycle time tsc off as | sol | ons | 
Static column mode read-modefy-write tSRWC ee ee ee 
RAS pulse width (Static column mode) tRASC 000] 65 | 100,000] 75 | 100,000] 5 | 100,000] ns | 


Access time from last write 


foal fol of | ele 
CS pulse width (static column mode) SI ie a8 ano as tot se 
OE access time eA OO 
OE to data delay jtoo | 8} | ml fs] ts} 
OE command ola time a ee ee 


=a 
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NOTES 

1. An initial pause of 200us is required after power- « and the data out pin will remain high impedance for 
up followed by any 8 CBR or ROR cycles before the duration of the cycle. If tewo2tcwomin) and 
proper device operation is achieved. _ trwo2trwo(min) and tawo2tawpimin), then the cycle 

2. Vitimin) and Vit(max) are reference levels for measur- is a read-write cycle and the data out will contain 
ing timing of input signals. Transition times are the data read from the selected address. If neither 
measured between Vinimin) 2nd Vitimaxy, and are of the above conditions are satisfied, the condition 
assumed to be 5ns for all inputs. of the data out is indeterminate. 

3. Measured with a load equivalent to 2 TTL loads and 9. Either taco or taRH must be satisfied for a read 
100pF cycle. 

4. Operation within the tacpimax) limit insures that 10. These parameters are referenced to the CS leading 
trac(max) can be met. trcpimax) is specified as a edge in early write cycles and to the W leading edge 
reference point only. If tacp is greater than the in read-write cycies. 
specified tacp(max) limit, then access time is con- 11. Operation within the traod(max) limit insures that 
trotled exclusively by tcac. tRac(max) can be met. trap(max is specified as a 

5. Assumes that trcp>trcpimax)- reference point only. If trap is greater than the 

6. tawr, twcr, toHrR are referenced to trap(max) specified trapimax limit, then access time is con- 

7. This parameter defines the time at which the out- trolled by taa. 
put achieves the open circuit condition and is not 12. Operation within the tLwapimax limit insures that 
refernced to Vou or VoL. taLw(max) Can be met. tLwap(max) is specified as a 

8. twos, trwo, tcwo and tawp are non restrictive reference point only. tiwap is greater than the 
operating parameters. They are included in the data specified t_wap(max) limit, then access time is con- 
sheet as electrical characteristics only. If trolled by taa. 


twcs2twcs(min) the cycle is an early write cycle 13. These specifications are applied in the test mode. 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS 6 continued) 
WRITE CYCLE (EARLY WRITE) 
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WRITE CYCLE (OE CONTROLLED WRITE) 
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TIMING DIAGRAMS (Continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 


tRwc 
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STATIC COLUMN MODE READ CYCLE 
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TIMING DIAGRAMS (Continued) = 
STATIC COLUMN MODE WRITE CYCLE (W controlled early write) 
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TIMING DIAGRAMS (Continued) 
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TIMING DIAGRAMS (Continued) 
RAS-ONLY REFRESH CYCLE 


NOTE: W, OE = Don't Care [- tac 
. — tRAS trp 
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CS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, OE, A=Don’t Care 
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TIMING DIAGRAMS <ontinued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (continued) - 
CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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TEST MODE IN CYCLE 

NOTE: D, Address=Don’'t Care 
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TEST MODE DESCRIPTION 


The KM44C1002C is the RAM organized 1,048,576 
words by 4 bit, it is internally organized 524,288 words 
by 8 bits. In “Test Mode”, data are written into 8 sec- 
tors in parallel and retrieved the same way. Column ad- 
dress bit Ao is not used. If, upon reading, two bits on 
one I/O pin are equal (all ‘‘1”’s or “O”s), the I/O pin in- 
dicates a ‘‘1”. If they were not equal, the I/O pin would 


AY NOE RY RNR 


YY RR OOO 


OPEN 


KY DON'T CARE 


indicate a “O”. In “Test Mode”, the 1MxX4 DRAM can 
be tested as if it were a512KX4 DRAM. W, CS Before 
RAS Cycle (Test Mode in Cycle) puts the device into 
“Test Mode’. And “CS-Before-RAS Refresh Cycle” or 
“RAS only Refresh Cycle” puts. it back into “Normal 
Mode”. The “Test Mode” function reduces test time (1/2 
in cases of N test pattern). ; 
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DEVICE OPERATION 


Device Operation 

The KM44C1002C contains 4,194,304 memory loca- 
tions. organized as 1,048,576 four-bit words. Twenty- 
tWo address bits are required to address a particular 4- 
bit word in the memory array. Since the KM44C1002C 
has only 10 address.input pins, time multiplexed 


addressing is used to input 10 row and 10 column | 


addresses. The multiplexing is controlled by the timing 
relationship between the row address strobe (RAS), the 
column address strobe CS and the valid row and col- 
umn address inputs. 


Operation of the KM44C1002C begins by strobing in a 
’ valid row address with RAS while CS remains high. 
Then the address on the 10 address input pins is 
changed from a row address to a column address and 
is strobed in by CS. This is the beginning of any 
KM44C1002C cycle in. which a memory location is 


accessed. The specific type of cycle is determined by 


the state of the write enable pin and various timing 
relationships. The cycle is terminated when both RAS 
and CS have returned to the high state. Another cycle 
can be initiated after RAS remains high long enough to 
satisfy the RAS precharge time (trp) requirement. 


RAS and CS Timing 

The minimum RAS and CS pulse widths are specified 
by tras(min) and tes(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initated by 
bringing RAS low, it must not be aborted prior to satis- 
fying the minimum RAS and CS pulse widths. In addi- 
tion, a new cycle must not begin until the minimum 
RAS precharge time, tre, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within 
the KM44C1002C bigin a complex sequence of events. 
If. the sequence is broken by violating minimum timing 
requirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining the write 
enable input(W) high during a RAS/CS cycle. The 
access time is normally specified with respect to the 
falling edge of RAS. But the addess time also depends 
on the falling edge of CS and on the valid column 
address transition. 


lf CS goes low before trcp(max) and if the column 
address is valid before tRap(max) then the access time 
to valid data is specified by trac(min). However, if CS 
goes low after trcp(max) or if the column address 
becomes valid after trap(max), access is specified by 
tcac or taa. In order to achieve the minimum access 
time, tRac(min), it is necessary to meet both trcp(max) 
and trap(max). 


The KM44C1002C has common data I/O pins. For this 
reason and output enable control input (OE) has been 
provided so the output buffer can be precisely con- 
trolled. For data to appear at the outputs. OE must be 
low for the period of time defined by toca and toez. 


Write * 

The KM44C1002C can perform early write, late write 
and read-modify-write cycles. The differece between 
these cycles is in the state of data-out and is deter- 
mined by the timing relationship between W, OE and 
CS. In any type of write cycle, Data-in must be valid at 
or before the falling edge of W or CS, whichever is 
later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CS. The 4-bit wide data at the data 
input pins is written into the addressed memory cells. 
Throughout the early write cycle the output remain in 
the Hi-Z state. In the early write cycle the output 
buffers remain in the Hi-Z state regardless of the state 
of the OE input. 


Read-Modify-Write: In this cycle, valid data from the 
daaressed cell appears at the output before and during | 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CS and meeting the data sheet read-modify-write 
cycle timing requirements. The output enable input 
(OE) must be low during the time defined by toe and 
toez for data to apear at the outputs If tcwp and trwo 


‘are not to the OE timing requirements prevents bus 


contention on the KM44C1002C's DQ pins. 


Data Output 

The KM44C1002C has a three-state output buffer 
which is controlled by CSand OE. Whenever CS or OE 
is high(Vix) the output are in the high impedance(Hi-Z) 
state. In any cycle in which valid data appears at the 
output, the output goes into the low impedance state 
in a time specified by tciz after the falling edge of CS. 
Invalid data may be present at the output during the 
time after tcLz and before the valid data appears at the 
output. The timing paraneters tcac, tRac and taa speci- 
fy when the valid data will be present at the output. 
This is true even if a new RAS cycle occurs (as in hid- 
den refresh). Each of the KM44C1002C operating 
cycles is listed below after the corresponding output 
state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Static Column Mode Read, Static Column 
Mode Read-Modify-Write. 
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DEVICE OPERATION continued) 


Hi-Z Output State: Early Write, RAS-only Refresh, 
Static Column Mode Write, CS-before-RAS Refresh, 
CS-only cycle. 


Indeterminate Output State: Delayed Write (tcwp or 
tRWD) 


Refresh 

The data in the KM44C1002C is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain 
data. integrity it is necessary to refresh each of the 
rows every 16ms. Either a burst refresh or distributed 
refresh may be used. There are several ways to 
accomplish this. 


RAS-Only-Refresh: This is the most common method 
for performing refresh. It is performed by strobing in a 
row address with RAS while CS remains high. This 
cycle must be repeated for each for each of the 1024 
rw address. (Ao~Ag). 


CS-before-RAS Refresh: The KM44C1002C has CS- 
Before-RAS on-chip refresh capability that eliminates 
the need for external refresh addresses. If CS is held 
low for the specified set up time (tcsr) before RAS 
goes low, the on-chip refresh circuitry is enabled. An 
internal refresh operation automatically occurs. The 
refresh address is supplied by the on-chip refresh 
address counter which is then internally incremented in 
preparation for the next CS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be per- 
formed while maintaining the latest valid data at the 
output by extending the CS active time and cycling 
RAS. The KM44C1002C hidden refresh cycle is actu- 
ally CS-before-RAS refresh cycle within an extended 
read cycle. The refresh row address is provided by the 
on-chip refresh address counter. 


Other Refresh Methods: It is also possible to refresh : 


the KM44C1002C by using read, write or read-modify- 
write cycles. Whenever a row is accessed, all the cells 
in that row are automatically refreshed. There are cer- 
tain applications in which it might be advantateous to 
perform refresh in this mammer but in gheneral RAS- 
only or CS-before-RAS refresh is the preferred 
method. - 


Power-up 

if RAS= Vss during power-up, the KM44C1002C might 
begin an active cycle. This coundition results in higher 
than necessary current demands from the power sup- 
plu during power-up. It is recommended that RAS and 
CS rrack with Vcc during power-up or be held at a 
valid Vin in order to minimize the power-up current. 


An initial pause of 200s sec is required after power-up . 
followed by 8 initialization cycles before proper device 
operation is assured. Eight initialization cycles are also 
required after any 8 msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 


Termination . 

The lines from the TTL driver circuits to the 
KM44C1002C inputs act like unterminated transmis- 
sion lines resulting in significant overshoot and under- 
shoot at the inputs. To minimize overshoot it is advis- 
able to terminate the input lines and to keep them as 
short sa possible. Although either series or parallel ter- 
mination may be used, series termination is generally 
recommended since it is simple and draws no addi- 
tional power. It consists of a resistor in series with the 
input line placed close to the KM44C1002C input pin. 
The optimum value depends on the board layout. It 
must be determined experimentally and is usually in 
the range of 20 to 40 ohms. 


A high frequency 0.14F ceramic decoupling capacitor 
should be connected between the Vcc and ground 
pins of each KM44C1002C using the shortest possible 
traces. These capacitors act as a low impedance shunt 
for the high frequency switching transients generated 
by the KM44C1002C and they supply much of the cur- 
rent used by the KM44C1002C during cycling. 
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DEVICE OPERATION (continued) 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching transient 
effects are minimized. The recommended methods:are 
gridded power and ground lines or separate power and 
ground planes. The power and ground lines act like 
transmission lines to the high frequency transients 
generated by DRAMS. The impedance is minimized if 
all the power supply traces to all the DRAMS run both 
horizontally and vertically and are connected at each in- 
tersection or better yet if power and ground planes are 
used. 


Address and control lines should be as short as possi- 
ble to avoid skew. In boards with may DRAMs these 
lines should fan out from a central point like a fork or 
comb rather than being connected in a serpentine pat- 
tern. Also the control logic should be centrally located 
on the memory boards to facilitate the shortest possi- 
ble address and control lines to all the DRAMs. 


Decoupling 
The importance of proper decoupling can not be over 


PACKAGE DIMENSIONS 


20-LEAD PLASTIC DUAL IN-LINE PACKAGE 


0.962 (24.43) 


emphasized. Excessive transient noise or voltage droop 
on the Vcc line can cause loss of data integrity (soft er 
rors). It is recommended that the total combined vol- 
tage changes over time in the Vcc to Vss voltage 
(measured at the device pins) should not exceed 500mV. 


A high frequency 0.1nF ceramic decoupling capacitor 
should be connected between the Vcc and ground pins 
of eachKM44C1002Busing the shortest possible traces. 
These capacitors act as a low impedance shunt for the 
high frequency switching transients generated by the 
KM44C1002Band they supply much of the current used 
by the KM44C1002B during cycling. 


in addition, a large tantalum capacitor with a value of 
47uF to 100uF should be used for bulk decoupling to 
recharge the 0.1,F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling capa- 
citor should be placed near the point where the power 
traces meet the power grid or power plane. Even better 


- results may be achieved by distributing more than one 


tantalum capacitor around the memory array. 


Units: Inches (millimeters) 


0.972 (24.69) 


0° - 10° 


300 (7.62) 
0.325 (8.26) 


0.293 (7.44) 


0.279 (7.08) 


0,135 (3.43) 


0.145 (3.68) 


ih 


—=— 
0.009 (0.23) | 


0.013 (0.33) 
0.015 (0.38) 


MIN 


0.183 (4.65) 


MAX 


0.115 (2.92) 
i MIN 


0.100 (2.54) 


JL 


0.016 (0.41) 


TYP 


0.024 (0.61) 


0.055 (1.40) 


0.035 (0.89) 


MAX 


0.050 (1.27) 
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PACKAGE DIMENSIONS (Continueq) 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 


Units: Inches (millimeters) 


0.027 (0.69) 
) MIN 


Pa ps ses 
alo sale ee 
bel ag BS ate Rs 
fl ioe 2B)G sis 
wol}wo Qin o]/o OIin 
a 

als SIN B13 Sls 
o1° S|o colo Sio 


c | 0.128 (3.25) 
' 0.145 (3.68) 


Georen 


0.060 (1.27) 0.015 (0.38) 
TYP 0.021 (0.53) 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


ii ava 
0.026 (0.66) 
0.032 (0.81) 
0.050 (1.27) 


| MAX 


. 1.025(26.04) 0.113(2.87) 
1.035(26.29) . 0.120(3.05) 


0.335(8.51) 


0.325(8.26) 
0.400(10.16) 


0.009(0.23) 
0.013(0.33) 


| 0.100(2.54) 
MIN ! TYP 


0.100(2.54) 
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- PACKAGE DIMENSIONS (continued) 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (il) (Forward and Reverse Type) 
Units: Inches (millimeters) 


0.03 (0.80) 


0.298 (7.57) 
0.302 (7.67) 
0.324(8.22) 
0.359 (9.12) 
0.367 (9.32) 


0.671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


: SE a ee 
Slensee)] CHARA HAHA | 
0.048 (1.22) | 0.012 (0.30) 
0.052 (1.32) 0.020 (0.50) 
0.016 (0.40) | 
0.024 (0.60) . 
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1M x 4Bit CMOS Quad CAS RAM with Fast Page Mode 


FEATURES GENERAL DESCRIPTION 


+ Performance range: The Samsung KM44C1003C/CL/CSL is a CMOS high 
Ftc | tear speed 1,048,576 x 4 Dynamic Random Access 

Memory. Its design is optimized for high performance 
applications such as minicomputers, graphics and high 
performance portable computers. 


The KM44C1003C/CL/CSL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides in-chip auto refresh as an 
alterntive to RAS-only refresh. All inputs and outputs are 
fully TTL compatible and four separate CAS pins 
provide for separate I/O operation allowing this device 
to operate in partity mode. 


¢ Fast Page Mode operation 
» Four separate CAS pins provide for separate I/O 
operation 
« CAS-before-RAS refresh capability 
« RAS-only and hidden refresh capability 
¢ Fast parallel test mode capability 
¢ TTL compatible inputs and outputs . 
¢ Early wite or output enable controlled write 
* Single + 5.0V +10% power supply 
¢ Refresh Cycle 
— 1024 cycle/16ms (Normal) 
— 1024 cycle/128ms (L-version) 
— 1024 cycle/256ms (SL-version) 
¢ Power Dissipation 
— Standby: 5.5mW (Normal) 
1.1mW (L-version) 
0.55mW (SL-version) 
— Active (50/60/70/80) : 468/413/358/303mW 
e JEDEC standard pinout 
¢ Available in plastic SOJ and TSOP -Il packages 


The KM44C1003C/CL/CSL is fabricated using 
Samsung's advanced CMOS process. 


FUNCTIONAL BLOCK DIAGRAM 


RAS 
CAS1-CAS4 Control & Clocks 
Ww 
Refreshcontrol & 
Address Counter 


DQ; — DQ, 


bs Column Decoder i 
Rm Sense Amps & !/0 Butter 


2 
2] so 
bo ad ne] 
I 
2 a 
3 |Z 
ai « 
=z 


Memory Array 
1,048,576 
x 4 Celis 
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PIN CONFIGURATION (Top Views) 


* KM44C1003CJ/CLJ/CSLJ 


DQ, Vss 
DQ2 DQ, 
Ww DQ3 
RAS CAS, 
CAS, OE 
CAS2 CAS3 
. Ag N.C 
Aog8 Ag 
At A7 
A2 A6 
A3 11 As 
Voc 12 A4 


* KM44C1003CT/CLT/CSLT 


Pin Function 
Address Inputs 


* KM44C1003CTR/CLTR/CSLTR 


ELECTRONICS 


DQ1-DQ4 Data In/Out = 

|_vss Ground 
_ RAS Row Address Strobe 

LL CAS1-CAS4 Column Address Strobe 

Ww ~ Read/Write Input __ 
| OE Data Output Enable 
i Vcc = Power(+5.0V) i 

N.C. No connection 
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ABSOLUTE MAXIMUM RATINGS 


ee eae ee a 
Vilage on any pinrelatvetoves_——«|_—Wwvowr—~(| tte —~« Si 

Voltage on Vcc supply relative to Vss 
Power Dissipation ee ee ee 
[_ShortGircuit Output Curent | tos, S| | 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum amg conditions for extended Paes may affect device reliability. 


Storage Temperature 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


a 


Ground Vss 


- Parameter 


KM44C1003C/CL/CSL-5 
KM44C1003C/CL/CSL-6 
KM44C1003C/CL/CSL-7 
KM44C1003C/CL/CSL-8 


KM44C1003C 
KM44C1003CL 
KM44C1003CSL 


KM44C1003C/CL/CSL-5 
KM44C1003C/CL/CSL-6 
KM44C1003C/CL/CSL-7 
KM44C1003C/CL/CSL-8 


KM44C1003C/CL/CSL-5 
KM44C1003C/CL/CSL-6 
KM44C1003C/CL/CSL-7 
KM44C1003C/CL/CSL-8 


KM44C1003C 
KM44C1003CL 
KM44C1003CSL 


KM44C1003C/CL/CSL-5 
KM44C1003C/CL/CSL-6 
KM44C1003C/CL/CSL-7 Icce 
~ KM44C1003C/CL/CSL-8 


Operating Current* 
(RAS, CAS, Address Cycling @trc=min.) 


Standby Current 
(RAS=CAS=W=Vin ) 


RAS-Only Refresh Current* 
(CAS=Vin, RAS, Address Cycling Bese) 


Fast Page Mode Current* 
(RAS=Vit, CAS, Address Cycling @tec=min.) 


Standby Current 
"| (RAS=CAS=W=Vcc-0.2V) 


CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trc=min.) 


Icc4 © 
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DC AND OPERATING CHARACTERISTICS (Continued) . 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViH}=Vcc-0.2V ; A 
Input Low Voltage(Viu}=0.2V CAS=CAS-Before-RAS loc7 ‘ a) 
250#S(SL-Ver), TRas=Trasmin~300ns 
Input Leakage Current ' . 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) ue 
Output Leakage Current . 
(Data out is disabled, 0V<Vour<Voc) tow | 10] 10 | a 
‘OH 
Output Low Voltage Level (loL.=4.2mA) VoL Rags 
*NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 


arametor «dS Min | Max | Units 
Cycling or 0.2V DQ1-DQ4=Don't Care Tro=1254S(L-Ver) 
Output High Voltage Level (loH=-5mA) | vow | 24] - | v 
V 
two times while RAS=Vi. in Icc4, Address can be changed. maximum once during a fast page mode cycle. 


CAPACITANCE (ta=25°C, Vcc=5.0V, f=1MHz) 


[Carameter «Symbol [Min | -Max | Unit 
Wnput Capacitance ova) ——SSSCS*~“~*‘dtSSCS SYS 
Input Capacitance (US, CASGAS, WOE) (| one | - -+(| 7 ~+| oF 

Output Capacitarice (DQ1~DQa) | co | - | 7 | pw | 


AC CHARACTERISTICS (0°c<tTa<70°C, Vcc=5.0V-+0.5V, See notes 1,2) 


Test condition : Vin/Vi=2.4/0.8V, Voh/Vol=2.4/0.4V, output loading CL=100pF 


Random read or write cycle time 
Read-modify-write cycle time 


Access time from CAS 
[Outputbufertun-offdely | 


Ff 
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Output buffer turn-off delay 
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AC CHARACTERISTICS (continued) 


Test condition : Vin/Vii=2.4/0.8V, Voh/Vol=2.4/0.4V, output loading CL=100pF 
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AC CHARACTERISTICS (Continued) 


rate 


Symbol 
OE to data delay 


Output buffer tum off delay time from OE 


OE command hold time 


TEST MODE CYCLE (Note.12) 
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NOTES 


1 


on 


10. 


. An initial pause of 200s is required after power-up 


followed by any 8 CAS-before-RAS or RAS-only 
Refresh cycles before proper device operation is 
achieved. 


. ViH(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and Vit(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF 


. Operation within the taco(max) limit insures that 


trRac(max) can be met. trcp(max) is specified as a 
reference point only. If tacp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that trop > trop (max). 
. tAR, twcR, tDHR are referenced to tRAD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to Vou or VOL. 


. twos, tRwb, tcwo and tawp are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle.: If tcwo>tcwo(min), tawo> 
trwpo(min) and tawp>tawo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 


11. 


12, 


. In test mode read cycle, the value of tRAc, taa, tcac 


14. 


15. 


16. 


Operation within the trap(max) limit insures that 
trac(max) can be met. trRaD(max) is specified as a 
reference point only. If trap is greater than the 
specified tRAD(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 


is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

In order to hold the address latched by the first 
CAS x going low, the parameter tcLcH must be met. 
If at least one CAS is low at the falling edge of 
RAS, DQ will be maintained from the previous 


cycle. To initiate a new cycle and clear the datao-ut - 


buffer, all four CAS must be pulsed high for tcp. 


. The first CAS x edge to transition low. 
. The last CAS x edge to transition low. 
. Output parameter is referenced to corresponding 


CAS x input. 


. Last rising CAS x edge to next cycle's last rising 


CAS x edge. 


. Last rising CAS x edge to first falling CAS x edge. 

. First DQ x controlled by the first CAS x to go low. 

. Last DQ x controlled by the first CAS x to go low. 

. Each CAS x must meet minimum pulse width. 

. Last CAS x to go low. 

. The last falling CAS x edge to the first rising CAS x 


edge. 
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TIMING DIAGRAM 
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TIMING DIAGRAM (Continued) 
WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAM (Continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 


CAS, 
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OE 
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TIMING DIAGRAM (Continued) 
READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAM (continue) 
FAST PAGE MODE READ CYCLE 


CMOS DRAM 
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TIMING DIAGRAM (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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_ TIMING DIAGRAM continued) 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 


RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 
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_ TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


Viq —- - tras 
Vi = 
t ; 
= tour tepr - 
ae Vin 
om a eon 
Vi — ‘ 


Para 
in um VYYYYYVYVYYVYVYVYVYYYYV YY i YY YVYVV YY YV¥Y YYYVVYVYVYYVY ¥ ¥ 
ye — DOODDDNODDHORNIYA consents HONOUR OND 


taa 


‘ ; a tarH 
twrp 
jie crores  _ 
wT OY es cif OS 
pan, = 5) nts 
: ei 
WRITE CYCLE twap me ie ns 
oS Vin — VYYYYVY RIV AVYYYVYY WAV AV AV AVAVAVAVAY, WAVAY, sy, 
eecee cami cee LOOT 
a 
<= A] en VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVATAVAVAUAVAWAVATAVAVAVAVAUAWAVAV AY, 
oe ae nin 
|_| 
E Vin — VY YYVYYYYVYYYAY YASS YA AA FIA AVA ATA AU AVAVAVAVAVAVAVAVAV, 
ORR eos ERR 
READ-WRITE CYCLE tu ea a 
sai Vn — YYVYVYVV Wess’ LV AVAVAT AV AV AT AVAVAVAVAVAVAW 
7 MR RRR \_ SEE 


an VTE VAVAVAVAVATAVAVAVAVATAVAYAVAVAUAV.VAUAVAVAVAVAVAVAVAVAN toe. 
FE — ROO OE | 7 | 
, OH — A VAVAVAVATAVAVAVAV AV AV AT AV AW, 
os ) 1 SM oti ROO 


Vuot — 
KY DON’T CARE 


VALID 
DATA-OUT 


ELECTRONICS 


KM44C1003C/CL/CSL 


CMOS DRAM 


TIMING DIAGRAMS (Continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 
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TEST MODE DESCRIPTION 


The KM44C1003C/CL/CSL is the RAM organized 1, 
048,576 words by 4 bit, it is internally organized 524, 
288 words by 8 bits. In “Test Mode", data are written 
into 8 sectors in parallel and retrieved the same way. 
_ Column address bit Ao is not used. If, upon reading, two 
bits on one I/O pin are equal (all "1"s or "O"s) the 1/O pin 
indicates a "1". If they were not equal, the I/O pin would 
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tras 
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indicate a "0". In "Test Mode”, the 1M x 4 DRAM can be 
tested as if it were a 512K x 4 DRAM. W, CAS-BEFORE- 
RAS Cycle (Test Mode in Cycle) puts the device into 
"Test Mode". And "CAS-BEFORE-RAS REFRESH 
CYCLE" or "RAS-only Refresh Cycle" puts it back into 
“Normal Mode". The "Test Mode" function reduces test 
time (1/2 in cases of N test pattern). 
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DEVICE OPERATION 


The KM44C1003C/CL/CSL contains 4,194,304 memory 
locations. Twenty address bit are required to address a 
particular 4-bit word in the memory array. Since the 
KM44C1003C/CL/CSL has only 10 address input pins, 
time multiplexed addressing is used to input 10 row 
(Ao~Ag) and 10 column(Ao~Ag) addresses. The 
multiplexing is controlled by the timing relationship 
between the row address strobe(RAS), the column 


address strobe(CASx) and the valid row and column 


address inputs. 


Operating of the KM44C1003C/CL/CSL begins by 
strobing in a valid row address with RAS while CASx 
remains high. Then the address on the 10 address input 
pins(Ao~Ag) is changed from a row address to a column 
address and is strobed in by CASx. This is the beginning 
of any KM44C1003C/CL/CSL cycle in which a memory 
location is accessed. The specific type of cycle is 
determined by the state of the write enable pin and 
various timing relationships. The cycle is terminated 
when both RAS and CASx have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time(trP) 
requirement. 


RAS and CASx Timing 

The minimum RAS and CASx pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device 
operation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to 
satisfying the minimum RAS and CASx pulse widths. In 
addition, a new cycle must not begin until the minimum 
RAS precharge time, tre, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within the 
KM44C1003C/CL/CSL begin a complex sequence of 
events. If the sequence is broken by violating minimum 
timing requirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CASx cycle. The access 
time is normally specified with respect to the falling edge 
of RAS. But the access time also depends on the falling 
edge of CASx and on the valid column address 
transition. E 

If CASx goes low before trcp(max) and if the column 


-address is valid before trac(max), then the access time 


to valid data is specified by trac(min). However, if CASx 
goes low after trco(max) or if the column address 
becomes valid after traD(max), access is specified by 
tcac or taa. In order to achieve the minimum access 
time, trRac(min), it is necessary to meet both trcp(max) 
and trRap(max). The KM44C1003C/CL/CSL has common 
data I/O pins. The this reason an output enable control 


input(OE) has been provided so the output buffer can be 
precisely controlled. For data to appear at the outputs, 
OE must be low for the period of time defined by toca 
and toeEz. 


Write 

The KM44C1003C/CL/CSL can perform early write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W, OE 
and CASx. In any type of write cycle, Data-in must be 
valid at or before the falling edge of W or CASx, 
whichever is later. 


Early Write: An early write cycle is performed by bringing 
W low before CASx. The data at the data input pins is 
written into the addressed memory cells. Throughout the 
early write cycle the output remains in the Hi-Z state. In 
the early write cycle the output buffers remain in the 
three state regardless of the state of the OE input. 


Read-Modify-Write: In this cycle, valid data from the 
addressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CASx and meeting the data sheet read-modify-write 
cycle timing requirements. This cycle requires using a 
separate I/O to avoid bus contention. 


Late Write: If W is brought low after CASx, a late write 
cycle will occur. The late write cycle is very similar to the 
read-modify-write cycle except that the timing 
parameters, tRwb, tcwD and tawod, are not necessarily 
met. The state of date-out is indeterminate since the 
output can be either Hi-Z or contain data depending on 
the timing conditions. This cycle requires a separate /O 
to avoid bus contention. 


Data Output 

The KM44C1003C/CL/CSL has a three-state output 
buffers which is controlled by CASx and OE. Whenever 
CASx and OE are high (Viv), the outputs are in the high 
impedance state. In any cycle in which valid data 
appears at the output, the output goes into the low 
impedance state in a time specified by tc.z after the 
falling edge of CASx. invalid data may be present at the 
output during the time after tcLz and before the valid 
data appears at the output. The timing parameters tcac, 
trac and taa specify when the valid data will be present 
at the output. The valid data remains at the output until 
CASx returns high. This is true even if a new RAS cycle 
occurs(as in hidden refresh). Each of the KM44C- 
1003C/CL/CSL operating cycles is listed:below after the 
corresponding output state produced by ‘the cycle. 
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DEVICE OPERATION (Continued) 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CASx-before-RAS Refresh, OE 
controlled write. 


Indeterminate Output State: Delayed Write (tcwp or trwo 
are not met) 


Refresh 

The data in the KM44C1003C/CL/CSL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To maintain 
data integrity it is necessary to refresh each of the rows 
every 16ms. There are several ways to accomplish this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CASx remains high. This cycle 
must be repeated for each row. 


CASx-before-RAS Refresh: The KM44C1003C/CL/ CSL 
has CASx-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CASx is held low for the specified set up time (tcsr) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the on-chip 
refresh address counter which is then internally 
incremented in preparation for the next CASx-before- 
RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be 
performed while maintaining the latest valid data at the 
output by extending the CASx active time and cycling 
RAS. The KM44C1003C/CL/CSL hidden refresh cycle is 
actually a CASx-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is 
provided by the on-chip refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
KM44C1003C/CL/CSL by using read, write or read- 
modify-write cycles. Whenever a row is accessed, ail the 
cells in the row are automatically refreshed. There are 
certain applications in which it might be advantageous 
to perform refresh in this manner but in general RAS- 
only or CASx-before-RAS refresh is the preferred 
method. 


Fast Page Mode 


Fast page mode provides high speed read, write or 


read-modify-write access to all memory cells within a 


selected row. These cycles may be mixed in any order. 
A fast page mode cycle begins with a normal cycle. 
Then, while RAS is kept low to maintain the CASx is 
cycled to strobe in additional column address. This 
eliminates the time required to set up and strobe 
sequential row addresses for the same page. 


CASx-before-RAS Refresh Counter Test Cycle 
A special timing sequence using the CASx-before-RAS 
counter test cycle provides a convenient method of 
verifying the functionality of the CASx-before-RAS 
refresh activated circuitry. 


After the CASx-before-RAS refresh operation, is CASx 
goes high and then low again while RAS is held low, the 
read and write operations are enabled. 


This is shown in the CASx-before-RAS counter test 
cycle timing diagram. A memory cell can be addressed 
with 10 row address bits and 10 column address bits 
defined as follows: 


Row Address — Bits Ao through Ag are supplied by the 
on-chip refresh counter. ; 


Column Address — Bits Ao through Ag are supplied by 
the falling edge of CASx as in a normal memory cycle. 


Suggested CASx-before-RAS Counter 

Test Procedure 

The CASx-before-RAS refresh counter test cycle timing 

is used in each of the following steps. 

1. Initialize the internal refresh counter by performing 8 
CASx-before-RAS cycles. 

2. Write a test pattern of "lows" into the memory cells at 
a single column address and 1024 row address. 

(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycles, read the "lows" 
written during step 2 and write "highs" into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

4. Read the "highs" written during step 3. 

5. Complement the test pattern and repeat steps 2,3 
and 4. 


Power-up 

If RAS=Vss during power-up, the KM44C1003C/ 
CL/CSL could possibly begin an active cycle. This 
condition results in higher than necessary current 
demands from the power supply during power-up. It is 
recommended that RAS and CASx track with Vcc during 
power-up or be held at a valid Vin in order to minimize 
the power-up current. 
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DEVICE OPERATION (Continued) 


An initial pause of 200 «usec is required after power-up 
followed by any 8 RAS cycles before proper device 
operation is assured. Eight initialization cycles are also 
required after any 64 msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 


Termination 

The lines from the TTL driver circuits to the 
KM44C1003C/CL/CSL inputs act like unterminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminated the input lines and to keep them 
as short as possible. Although either series or parallel 
termination may be used, series termination is generally 
recommended since it is simple and draws no additional 
power. It consists of a resistor in series with the input 
line placed close to the KM44C1003C/CL/CSL input pin. 


The optimum value depends on the board layout. It , 


must be determined experimentally and is usually in the 
range of 20 to 40 ohms. 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching 
transienteffects are minimized. the recommended 
methods are gridded power and ground lines or 
separate power and ground planes. The power and 
ground lines act like transmission lines to the high 
frequency transients generated by DRAMS. The 


impedance is minimized if all the power supply traces to 
all the DRAMS run both horizontally and vertically and 
are connected at each intersection or better yet if power 
and ground planes are used. 


Decoupling 

The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage droop 
on the Vcc fine can cause loss of data integrity(soft 
errors). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voltage 
(measured at the device pins) should not exceed 500mvV. 


A high frequency 0.1 «F ceramic decoupling capacitor 
should be connected between the Vcc and ground pins 
of each KM44C1003C/CL/CSL using the shortest © 
possible traces. These capacitors act as a low 
impedance shunt for the high frequency switching 
transients generated by the KM44C1003C/CL/CSL and 
they supply much of the current used by the 
KM44C1003C/CL/CSL during cycling. 


In addition, a large tantalum capacitor with a value of 
47uF to 100uF should be used for bulk decoupling to 
recharge the 0.1“F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling 
capacitor should be placed near the point. where the 
power traces meet the power grid or power plane. Even 
better results may be achieved by distributing more than 
one tantalum capacitor around the memory array. 
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PACKAGE DIMENSIONS | 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 


0.295 (7.49) 


0.680 (17.27) 


0.670 (17.02) | 


CY! 0.004(0.1) 


0.050(1 an} a A: 0.015(0.38) 
TYP 0.021(0.53) 


| 0.026(0.66) 
0.032(0.81) 


0.305 (7.75) 


Units: Inches (millimeters) 


_ 


0.027 (0.69) 
| MIN 


0.260 (6.60) 
0.275 (6.98) 


0.330 (8.38) 
0.340 (8.64) 


0.008 (0.20) 
0.012 (0.30) 


0.050(1.27) 


MAX 


| | 0.128 (3.25) 
0.145 (3.68) 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 


0.298 (7.57) 
0.302 (7.67) 


0.671 (17.04) 
0.679 (17.24) 


[BJ 0.003 (0.08) | € aah a fe ayy eRe s A d 
a i 0.048 (1.22)  ga12 oso L | 
7 0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 


TYP 


0.039 (1.0) 
0.047 (1.20) 


0.324(8.22) 


0.359 (9.12) 
0.367 (9.32) 


0.005 (0.13) 


0.008 (0.20) - 


=a 


0.016 (0.40) 


0.024 (0.60) 


-- 
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1M x 4Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES GENERAL DESCRIPTION 
* Performance range: The Samsung KM44C1004C/CL/CSL is a high speed 
[ trac: | teke | tre. | tree CMOS 1,048,576 x 4 Dynamic Random Access 
Memory. Its design is optimized for high performance 
KM44C1004C/CL/CSL-5 5Ons | 13s | 90ns | 20ns applications such as mainframes and mini computers, 
KM44C1004C/CL/CSL-6 60ns | 15ns } 110ns} 24ns graphics and high performance microprocessor 
KM44C1004C/CLICSL-7 29ns systems: 


70ns | 20ns | 130ns 
| KM44C1004C/CL/CSL-8 80ns | 20ns 150ns } 


34ns 


¢ Fast Page Mode with Extended data out 
* CAS-before-RAS refresh capability 
+ RAS-only and hidden refresh capability 
¢ Fast parallel test mode capability 
¢ TTL compatible inputs and outputs 
¢ Early write or output enable controlled write 
¢ Single + 5.0V + 10% power supply 
« Refresh Cycle 
— 1024 cycle/16ms (Normal) 
— 1024 cycle/128ms (L-version) 
— 1024 cycle/256ms (SL-version) 
¢ Power Dissipation 
— Standby: 5.5mW (Normal) 
1.1mW (L-version) 
0.55mW (SL-version) 
— Active (50/60/70/80): 468/413/358/303mW 
¢ JEDEC standard pinout 
¢ Available in plastic DIP,SOJ,ZIP and TSOP -Il 
packages 


FUNCTIONAL BLOCK DIAGRAM 


CLOCK 


CONTROL & 


The KM44C1004C/CL/CSL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alterntive to RAS-only Refresh. All inputs and outputs 
are fully TTL compatible. 


The KM44C1004C/CL/CSL is fabricated using 
Samsung's advanced CMOS process. 


REFRESH CONTROL & 
a ADDRESS COUNTER 


Be COLUMN DECODER 
| _ 


SENSE AMPS & I/O 


MEMORY ARRAY 
1,048,576 x 4 CELLS 


ADDRESS BUFFERS 
ROW DECODER 
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PIN CONFIGURATION (Top Views) 


* KM44C1004CP/CLP/CSLP * KM44C1004CJ/CLJ/CSLJ = - KM44C1004CZ/CLZ/CSLZ 


* KM44C1004CT/CLT/CSLT * KM44C1004CTR/CLTR/CSLTR 


Pin Names| Pin Function | 
Address Inputs 


RAS Row Address Strobe 
Column Address Strobe 
Read/Write Input 
Data Output Enable 
Data In/Data Out 
Power (+ 5V) 
Ground 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 


Voltage on any pin relative to Vss Vin, Vout -1to +7.0 V 

Voltage on Vcc supply relative to Vss L Vcc -1to +7.0 “| V 

Storage Temperature Tstg -55 to + 150 °C 
Lia an T + 

Power Dissipation ue Pp 600 mw 

Short Circuit Output Current 50 


* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. . 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Supply Voltage 


Ground 


Input High Voltage 


Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol; Min | Max | Units 
KM44C1004C/CL/CSL-5 85 mA 
Operating Current* KM44C1004C/CL/CSL-6 lees - 75 mA 
(RAS and CAS Cycling @trc=min.) KM44C1004C/CL/CSL-7 65 mA 
KM44C1004C/CL/CSL-8 55 mA 
Standby Current KM44C1004C Ba : 2 mA 
(RAS=CAS=W=Vu ) KM44C1004CL/CSL 1 mA 
KM44C1004C/CL/CSL-5 1 85 mA 
RAS-Only Refresh Current* KM44C1004C/CL/CSL-6 ties ; 75 | mA 
(CAS=Vin, RAS, Address Cycling @trc=min.) KM44C1004C/CL/CSL-7 65 mA 
KM44C1004C/CL/CSL-8 55 mA 
KM44C1004C/CL/CSL-5 85 mA 
EDO Mode Current* KM44C1004C/CL/CSL-6 tse . 75 mA 
(RAS=ViL, CAS, Address Cycling @tHec=min.) KM44C1004C/CL/CSL-7 65 mA 
KM44C1004C/CL/CSL-8 55 mA 
KM44C1004C i 1 mA 
PAS CAS-WVoo-0 aif KM44C1004CL Icos - | 2001 yA 
Pacis a : KM44C1004CSL 100 HA 
KM44C1004C/CL/CSL-5 85 mA 
CAS-Before-RAS Refresh Current* KM44C1004C/CL/CSL-6 ies ; 75 mA 
(RAS and CAS Cycling @trac=min.) KM44C1004C/CL/CSL-7 65 mA 
KM44C01004C/CL/CSL-8 55 mA 
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DC AND OPERATING CHARACTERISTICS (continueg) 


Parameter 
Battery Back Up Current Average Power Supply Current, . 
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V 
Input Low Voltage(ViL)=0.2V CAS=CAS-Before-RAS sap eiy lcc7 - sf 
Cycling or 0.2V DQi-DQ4=Don't Care, Tro=1254S(L-Ver) : 
Trc=250#S(SL-Ver.), TRaS=TRAS min.~300nS | 
Input Leakage Current Vcc+0.5V | if 40 40 A 
(Any input O0< Vin <Vcc+0.5yV, all other pins not under test=0 volts.) ) ‘ 
Output Leakage Current c 
(Data out is disabled, OV<Vout<Vcc) low) MO ||| ae en 
Output High Voltage Level (loH=-5mA) , VOoH 2.4 - V 

a Eas pes 

Output Low Voltage Level (loL=4.2mA) VoL - 0.4 V 


*NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1, Icc3, Icce, Address can be changed maximum 
two times while RAS=ViL. In Icca4, Address can be changed maximum once during a Hyper Page cycle. 


CAPACITANCE 1=25°c, Vcc=5v, f=1MHz) 


Parameter 


Input Capacitance (Ao~Ag) 


Input Capacitance (RAS, CAS, W, OE) 
Output Capaciiance (DQ1~DQa) 


AC CHARACTERISTICS | (0°C<Ta<70°C, Voo=5.0V + 0.5V, See notes 1,2) 
Test condition: ViH/ViL=2.4/0.8V, Voh/Vol=2.0/0.8V, output loading CL=100 pF 


Parameter Symbol 
Min} Max | Minj| Max | Min} Max | Min| Max 

Random read or write cycle time _ | tRe 90 110 130 150 | 
Read-modify-write cycle time trwe | 133 155 185 | 205 
Access time from RAS tRAC 60 70 80 
Access time from CAS | tcac 15 20 20 
Access time from column address tAA 30 35 | 40 
CAS to output in Low-Z toz_| 3 3 3 
Output buffer turn-off delay from CAS tCEz 3 15:|; 3 20 3 20 
Transition time(rise and fall) tT 2 50 2 50 2 50 
RAS precharge time tRP 40 50 60 
RAS pulse width a” tRAS 10,000 | 60] 10,000} 70) 10,000 | 80) 10,000} ns 
RAS hold time trsH | 15 20 20 ns 
CAS hold time tCSH 50 60 70 ns 
CAS pulse width: tcas 10,000 | 10} 10,000} 15} 10,000 | 20) 10.000} ns 16 
RAS to CAS delay time tRCD 20 45| 20 50| 20 60| ns 4 
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AC CHARACTERISTICS (continued) 
7 


Parameter 

[RAStocoumm address delaytime | tw | 15] 25] 18, 
CAS to RAS precharge time ftp | 5] | 5 
Row address set-up time | tsa | of |_| 
Row address hold time lta | 10/ | to| 
Column address set-up time lsc | of | of 
Column address hold time ftw | 8] | to] 

’ | Column address hold time referenced to RAS lta | aol | 


Column address to RAS lead time 


Notes 


sig 
3 2 


Read command set-up time 


Read command hold time referenced to CAS 


ao |o 
3/3 
x= it 


Read command hold time referenced to RAS 


Write command hold time 


3 


Write command hold time referenced to RAS 
Write command pulse width 

Write command to RAS lead time 

Write command to CAS Jead time 

Data set-up time 


z 


a /42/;oai{ta2];o 
oO; lo; !|o 
—_ 
nn 
—_ 
an 


Data-in hold time 
Data-in hold time referenced to RAS 


ao 
c x 
oO aolo oO 
nN 
& 


= 
Oo ol 


Refresh period (Normal) tree | | 
Refresh period (L-ver) ter | | 
Refresh period (SL-ver) tREF 


Write command set-up time 
CAS to W delay time tcwD 


z 
a 
Oo 


wow 
o 


RAS to W delay time i trwo | 73] 8 
Column address to W delay time tawo | 48 Passa 
CAS set-up time (CAS-before-RAS refresh) tesa | 10 aed 10 


CAS hold time(CAS-before-RAS refresh) 
RAS to CAS precharge time 

CAS precharge time (C-B-R counter test cycle) 
Access time from CAS precharge 

Hyper Page cycle time 


~ 
oO 
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nn 
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Hyper Page read-modify-write cycle time 
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RAS pulse width (Hyper Page Cycle) 

CAS precharge time (Hyper Page Cycle) tcp 
RAS hold time from CAS precharge 

OE access time 
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AC CHARACTERISTICS (Continued) 


_ ee a 


OE to data delay tOED 


eS ae 
Output buffer turn off delay time from OE | tOEZ 3 tS} 2. ns 
OE command hold time torH | 13 | | asf of wo] ns 
Write command set-up time (test mode in) twTs 10 | ff toy sf to] 
Write command hold time (test mode in) twTH 10 | fol] to] | ns 
Wto RAS precharge time(C-B-R refresh) twre | 10 4} 8} — 
10 


W to RAS hold time(C-B-R refresh) twrH | 10 tof | 

Output data hold time tDOH 5 | 5 | as 
Output buffer turn off delay from RAS tREZ 3 13 | 3] 20| ns | 7,15 
Output buffer turn off delay from W twez 3 | a31 3] ts] 3] 2] 31 20; ns 7 


W to data delay twED 15 | | 5] | wo] | +) ons 


OE to CAS hold time pee BU el Slic. c/a =e) i ane 
CAS hold time to OE tCHO 5 5 ns) 
OE precharge time toEP 5 5 5 


W pulse width (Hyper Page Cycle) twee | 5 Es obs eS et fee | 
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TEST MODE CYCLE (Note.12) 
a) 6 7 -8 
Parameter Symbol —- Units | Notes 
Min; Max | Min| Max | Min| Max | Min| Max 
Random read or write cycle time tRC 95 115 135 155 ns 
Read-modify-write cycle time _trwc | 138 160; 190 210 Lam 
Access time from RAS tRAC 65 [7 85| ns | 34,11 
Access time from CAS tcac 20 25 25| ns | 3,4,5 
Access time from column address tAA 35 40 45) ns 3,11 
RAS pulse width __|_ tras a 55 65 | 10,000| 75 | 10,000) 85 10,000| ns 
| CAS pulse width {cas 13 15 | 10,000} 20 el 25 |- 10,000} ns 
RAS hold time rsh | 18 20 25 25 ns 
CAS hold time tcsH | 43 50 55 65 ns 
Column address to RAS lead time tRAL 30 35 | — 40 45 ns 
_ | CAS to W delay time towo | 41 45 55 55 ns 8 
RAS to W delay time trwo | 78 90 105 | 115 | ns 8 
Column address to W delay time tawo | 53 60 | 70 | | _ns 8 
Hyper Page cycle time tHPC 25 29 34 39 ns 
Hyper Page read-modify-write cycle time tprwc| 67 78 93 103 ns 
RAS pulse width (Hyper Page Cycle) trasP | 55 | 200,000] 65 | 200,000} 75 | 200,000) 85 | 200,000; ns 
"| Access time from CAS precharge {CPA | | asl | 40 45 50| ns 3 
OE access time tOEA a a a 20 25 25| ns 
OE to data delay | toco | 18| | 20 25 25 ns 
OE command hold time toeH | | 20 25 25 ns 
232 


KM44C1004C/CL/CSL 


CMOS DRAM 


NOTES 


1. 


An initial pause of 200s is required after power-up 
followed by any 8 CAS-before-RAS or RAS-only 
Refresh cycles before proper device operation is 
achieved. 


. Vin(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and Vit(max) are 
assumed to be 5ns for all inputs, except thpc and 
tHPRWC. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF, 


. Operation within the trcD(max) limit insures that 


trRac(max) can be met. trcp(max) is specified as a 
reference point only. If tkcp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tRcp > tRcb (max). 
. tar, twer, toHR are referenced to trap(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VoH or VOL. 


. twos, tRwp, tcwp and tawo are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data out pin will remain high impedance for the 
duration of the cycle. If tewo>tcwp(min), trwo> 
trwo(min) and tawo>tawp(min), then the cycle is a 


10. 


11. 


12. 
13. 


14. 


15. 


16. 


read-modify-write cycle and the data output will 
contain the data read from the selected address. If 
neither of the above conditions are satisfied, the 
condition of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trao(max) limit insures that 
tRAc(max) can be met. trad(max) is specified as a 
reference point only. If trap is greater than the 
specified traD(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 

In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

tcEz(max), tREz(max), toEz(max) and twez(max) define 
the time at which the output achieves the open cir- 
cuit condition and are not referenced to output volt- 
age level. 

If RAS goes to high before CAS high going, the 
open circuit condition of the output is achieved by » 
CAS high going. If CAS goes to high before RAS 
high going, the open circuit condition of the output 
is achieved by RAS high going. 

tasc 2 tcP min, Assume tT=2.0ns. 
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TIMING DIAGRAMS 
READ CYCLE 
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TIMING DIAGRAMS 6(continueg) 
WRITE CYCLE (EARLY CYCLE) 
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TIMING DIAGRAMS £( continue) 
READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (continued) 
HYPER PAGE WRITE CYCLE (EARLY WRITE) 
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HYPER PAGE READ AND WRITE MIXED CYCLE 
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TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 


SDR ORRIN 


CAS-BEFORE-RAS REFRESH CYCLE 
Note: OE, Address=Don't Care 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE tae 
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TIMING DIAGRAMS 6 continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 
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TEST MODE DESCRIPTION 


The KM44C1004C/CL/CSL is the RAM organized 1, 
048,576 words by 4 bit, it is internally organized 524, 
288 words by 8 bits. In "Test Mode", data are written 
into 8 sectors in parallel and retrieved the same way. 
Column address bit Ao is not used. If, upon reading, two 
bits on one I/O pin are equal (all "1"s or "O"s) the I/O pin 
indicates a "1". If they were not equal, the I/O pin would 


VAAN 


tap 
tras 


tour 


LVA\ DL 
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LANZ\ LLVAS Zs 


OPEN 


Ke DON'T CARE 


indicate a "0". In "Test Mode", the 1M x 4 DRAM can be 
tested as if it were a 512K x 4 DRAM. W, CAS-BEFORE- 
RAS Cycle (Test Mode in Cycle) puts the device into 
"Test Mode". And "CAS-BEFORE-RAS REFRESH 
CYCLE" or "RAS-only Refresh Cycle" puts it back into 
"Normal Mode". The "Test Mode" function reduces test 
time (1/2 in cases of N test pattern). 
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DEVICE OPERATION 


The KM44C1004C/CL/CSL contains 4,194,304 memory 
locations. Twenty address bit are required to address a 
particular 4-bit word in the memory array. Since the 
KM44C1004C/CL/CSL has only 10 address input pins, 
time multiplexed addressing is used to input 10 row 
(Ao~Ag) and 10 column(Ao~As) address. The multiplexing 
is controlled by the timing relationship between the row 
address strobe(RAS), the column address strobe(CAS), 
and the valid row and column address inputs. 


Operating of the KM44C1004C/CL/CSL begins by 
strobing in a valid row address with RAS while CAS 
remains high. Then the address on the 10 address input 
pins(Ao~Ag) is changed from a row address to a column 
address and is strobed in by CAS. This is the beginning 
of any KM44C1004C/CL/CSL cycle in which a memory 
location is accessed. The specific type of cycle is 
determined by the state of the write enable pin and 
various timing relationships. The cycle is terminated 
when both RAS and CAS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high tong enough to satisfy the RAS precharge time(trP) 
requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device 
operation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to 
satisfying the minimum RAS and CAS pulse widths. In 
addition, a new cycle must not begin until the minimum 
RAS precharge time, trp, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within the 
KM44C1004C/CL/CSL begin a complex sequence of 
events. If the sequence is broken by violating minimum 
timing requirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. But the access time also depends on the falling 
edge of CAS and on the valid column address transition. 
If CAS goes low before trcp(max) and if the column 
address is valid before tRac(max), then the access time 
to valid data is specified by trac(min). However, if CAS 
goes low after tacp(max), access is specified by tcac or 
taa. In order to achieve the minimum access time, trac 
(min), it is necessary to meet both trcp(max) and trad 
(max). The KM44C1004C/CL/CSL has common data I/O 
pins. The this reason an output enable contro! input(OE) 
has been provided so the output buffer can be precisely 
controlled. For data to appear at the outputs, OE must 
be low for the period of time defined by toEa and toez. 


Write 

The KM44C1004C/CL/CSL can perform early write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W, OE 
and CAS. In any type of write cycle, Data-in must be 
valid at or before the falling edge of W or CAS, 
whichever is later. 


Early Write: An early write cycle is performed by bringing 
W low before CAS. The data at the data input pins is 
written into the addressed memory cells. Throughout the 
early write cycle the output remains inthe Hi-Z state. In 
the early write cycle the output buffers remain in the 
three state regardless of the state of the OE input. 


Read-Modify-Write: \n this cycle, valid data from the 
addressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CAS and meeting the data sheet read-modify-write 
cycle timing requirements. This cycle requires using a 
separate 1/O to avoid bus contention. 


Late Write: \f W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to the 
read-modify-write cycle except that the timing 
parameters, tRwD, tcwp and tawo, are not necessarily 
met. The state of date-out is indeterminate since the 
output can be either Hi-Z or contain data depending on 
the timing conditions. This cycle requires a separate |/O 
to avoid bus contention. 


Data Output 

The KM44C1004C/CL/CSL has a three-state output 
buffer which is controlled by RAS, CAS and OE. When 
RAS and CAS go high(Vin) or OE goes high (Vin), the 
outputs are in the high impedance state. In any cycle in 
which valid data appears at the output, the output goes 
into the low impedance state in a time specified by tciz 
after the falling edge of CAS. Invalid data may be 
present at the output during the time after tcLz and 
before the valid data appears at the output. The timing 
parameters tcac, tRac and taa specify when the valid 
data will be present at the output. The valid data at the 
output cannot be eliminated by CAS rising only and it 
remains until both RAS and CAS returns high. This is 
true even if a new RAS cycle occurs(as in hidden 
refresh). Each of the KM44C1004C/CL/CSL opeyating 
cycles is listed below after the corresponding output 
state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, EDO Mode Read, EDO Mode Read-Modify- 
Write. 


ie 
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Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page with EDO Mode Write, CAS-before-RAS Refresh, 
OE controlled write. 


Indeterminate Output State: Delayed Write (tcwp or two 
are not met) 


Refresh 

The data in the KM44C1004C/CL/CSL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To maintain 
data integrity it is necessary to refresh each of the rows 
every 16/128/256ms. There are several ways to 
accomplish this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 


CAS-before-RAS Refresh: The KM44C1004C/CL/CSL 
has CAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CAS is held low for the specified set up time (tcsr) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the on-chip 
refresh address counter which is then internally 
incremented in preparation for the next CAS-before- 
RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be 


performed while maintaining the latest valid data at the - 


output by extending the CAS active time and cycling 
RAS. The KM44C1004C/CL/CSL hidden refresh cycle is 
actually a CAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is 
provided by the on-chip refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
KM44C1004C/CL/CSL by using read, write or read- 
modify-write cycles. Whenever a row is accessed, all the 
cells in that row are automatically refreshed. There are 
certain applications in which it might be advantageous 
to perform refresh in this manner but in general RAS- 


only or CAS-before-RAS refresh is the preferred method. 


Fast Page Mode with Extended Data Out 

Fast page mode provides high speed read, write or 
read-modify-write access to all memory cells within a 
selected row. These cycles may be mixed in any order. 
A fast page mode cycle begins with a normal cycle. 
Then, while RAS is kept low to maintain the CAS is 
cycled to strobe in additional column addresses. This 


eliminates the time required to set up and strobe 
sequential row addresses for the same page. 


CAS-before-RAS Refresh Counter Test Cycle 

A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of 
verifying the functionality of the CAS-before-RAS refresh 
activated circuitry. 


After the CAS-before-RAS refresh operation, is CAS 
goes high and then low again while RAS is held low, the 
read and write operations are enabled. 


This is shown in the CAS-before-RAS counter test cycle 
timing diagram. A memory cell be addressed with 10 
row address bits and 10 column address bits defined as 


follows: 


Row Address — Bits Ao through Ag are supplied by the 
on-chip refresh counter. 


Column Address — Bits Ao through Ag are supplied by 
the falling edge of CAS as in a normal memory cycle. 


Suggested CAS-before-RAS Counter Test 


Procedure 

The CAS-before-RAS refresh counter test cycle timing is 

used in each of the following steps; 

1. Initialize the internal refresh counter by performing 8 
CAS-before-RAS cycles. 

2. Write a test pattern of "lows" into the memory cells at 
a single column address and 1024 row address. 

(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycle, read the "lows" 
written during step 2 and write "highs" into the same 
memory locations. Perform this step 1024 times so — 
that highs are written into the 1024 memory cells. 

4. Read the "highs" written during step 3. 

5. Complement the test pattern and repeat steps 2,3 
and 4. 


Power-up 

If RAS=Vss during power-up, the KM44C1004C/ 
CL/CSL could possibly begin an active cycle. This 
condition results in higher than necessary current 
demands from the power supply during power-up. It is 
recommended that RAS and CAS track with Vcc during 
power-up or be held at a valid VIH in order to minimize 
the power-up current. An initial pause of 200 “sec is 
required after power-up followed by any 8 initialization 
cycles before proper device operation is assured. Eight 
initialization cycles are also required after any 16(L-ver: 


128, SL-ver:256) msec period in which there are no RAS 


acelL 
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DEVICE OPERATION (Continued) 


cycles. An initialization cycle is any cycle in which RAS 
is cycled. 


Termination 

The lines from the TTL driver circuits to the 
KM44C1004C/CL/CSL inputs act like unterminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
termination may be used, series termination is generally 
recommended since it is simple and draws no additional 
power. It consists of a resistor in series with the input 
line placed close to the KM44C1004C/CL/CSL input pin. 
The optimum value depends on the board layout. It 
‘must be determined experimentally and is usually in the 
range of 20 to 40 ohms. 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching transient 
effects are minimized. the recommended methods are 
gridded power and ground lines or separate power and 
ground planes. The power and ground lines act like 
transmission lines to the high frequency transients 
generated by DRAMS. The impedance is minimized if all 
the power supply traces to all the DRAMS run both 
horizontally and vertically and are connected at each 


PACKAGE DIMENSIONS 


20-LEAD PLASTIC DUAL IN-LINE PACKAGE 


0.962 (24.43) 


intersection or better yet if power and ground planes are 
used. 


Decoupling 
The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage droop 
on the Vcc line can cause loss of data integrity(soft 
errors). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voltage 
(measured at the device pins) should not exceed 500mvV. 


A high frequency 0.1 “F ceramic decoupling capacitor 
should be connected between the Vcc and ground pins 
of each KM44C1004C/CL/CSL using the shortest 
possible traces. These capacitors act as a low 
impedance shunt for the high frequency switching 
transients generated by the KM44C1004C/CL/CSL and 
they supply much of the current used by the 
KM44C1004C/CL/CSL during cycling. 


In addition, a large tantalum capacitor with a value of 
47uF to 100“F should be used for bulk decoupling to 
recharge the 0.14#F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling 
capacitor meet the power grid or power plane. Even 
better results may be achieved by distributing more than 
one tantalum capacitor around the memory array. 


Units: Inches (Millimeters) 


0.972 (24.69) 


0° ~ 10° 


300 (7.62) “| 


0.293 (7.44) 
0.325 (8.26) 


0.279 (7.08) 


0.135 (0.43) 


0.145 (3.68) 


fh 


0.100 (2.54) || o.016 o.41) | | 0.035 (0.89) 
TYP 'T 9,024 (0.61) 0.055 (1.40) 


0.015 (0.38) 
MIN 
0.009 (0.23) 
0.013 (0.33) 
cre (4.65) 
MAX 


0.115 (2.92) 
MIN 


0.050 (1.27) 
MAX 
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PACKAGE DIMENSIONS Ccontinuea) 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.027 (0.69) 
| MIN 


als Sle ele mes 
ais Sig 3/3 8 
id bea Clo SiS gis 
rem pe) 2 Iw ° oIN 
2 © 

&|8 Z\§ 8/3 81s 
o}°o Slo ofo slo 


0.670 (17.02) 
0.680 (17.27) 


| | 0.128 (3.25) 
0.145 (3.68) 


0.004 (0.1) 


0.050 (1.27) 0.015 (0.38) 0.026 (0.66) 
TYP 0.021 (0.53) 0.032 (0.81). : 
0.050 (1.27) 
MAX 


‘20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


1.025(26.04) 
1.035(26.29) 


0.113(2.87) 
0.120(3.05) 


afi © 
0 | «0 ve 
fe 
| 0 S 
o|o 4 
ro) 
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0.013(0.33) 

0.100(2.54) | 0.100(2.54) 

MIN TYP 


ELECTRONICS 


KM44C1004C/CL/CSL | CMOS DRAM 


PACKAGE DIMENSIONS (continued) 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) (Forward and Reverse Type) 
Units: Inches (millimeters) 


0.03 (0.80) 


0.298 (7.57) 
0.302 (7.67) 
0.359 (9.12) 
0.367 (9.32) 


0.324(8.22) 


0.671 (17.04) 
"0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


Se ES EOS 
Elemee)] CHAHAE—AHHHHD 
0.048 (1.22) | 0.012 (0.30) | 
0.052 (1.32) 0.020 (0.50) 
0.016 (0.40). | 
0.024 (0.60) 
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4M x1 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES 


¢ Performance range: 


KM41V4000C/CL/CLL-6 
KM41V4000C/CL/CLL-7 
KM41V4000C/CL/CLL-8 


130ns | 


¢ Fast Page Mode operation 
* Self Refresh operation (LL-version) 
« CAS-before-RAS refresh capability 
+ RAS-only and hidden refresh capability 
- Fast parallel test mode capability 
¢ TTL compatible inputs and outputs 
* Common I/O using early write 
¢ Single + 3.3V + 0.3V power supply | 
- Refresh Cycle 
— 1024 cycle/16ms (Normal) 
— 1024 cycle/128ms (L-version) 
— 1024 cycle/128ms (LL-version) 
* Power Dissipation 
— Standby: 3.6mW(Nomal) 
0.18 mW(L-version) 
0.18mW(LL-version) 
— Active (60/70/80ns):220/200/180mW 
« JEDEC standard pinout 


* Available in plastic SOJ, ZIP and TSOP II packages 


FUNCTIONAL BLOCK DIAGRAM 


CONTROL & 
CLOCK 


Ao 


ADDRESS BUFFERS 
ROW DECODER 


A10 


COLUMN DECODER 
SENSE AMPS & I/O 


MEMORY ARRAY 
4,194,304 CELLS 


GENERAL DESCRIPTION 


The Samsung KM41V4000C/CL/CLL is a high speed 
CMOS 4,194,304 bitx 1 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as mainframes and mini computers, 
graphics and high performance microprocessor 
systems. 


The KM41V4000C/CL/CLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capabillity provides on-chip 
auto refresh as an alternative to RAS-only Refresh. All 
inputs and output. are fully TTL compatible. 


The KM41V4000C/CL/CLL is fabricated using 
Samsung's advanced CMOS process. 


—— Vppd 


——— Vss 
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PIN CONFIGURATION (Top Views) 


* KM41V4000CU/CLJ/CLLJ- + KM41V4000C2Z/CLZ/CLLZ * KM41V4000CT/CLT/CLLT 


Address Inputs 
Data Out 
Read/Write Input 
Row Address Strobe 
CAS “| Column Address Strobe | 
Vpp j ROMer (+3.3V) 
Ground 


No Connection - 


an - 


ELECTRONICS 


KM41V4000C/CL/CLL | CMOS DRAM 
ABSOLUTE MAXIMUM RATINGS* 


ee eRe oO on Any Pin Relative to Vss - 0.5~Vop + 0.5 


| Voltage on Voo Supply Relative to Ves on Vop Supply Relative to Vsg -0.5~4.6 


Storage Temperature anata ~ 55 to + 150 
Power Dissipation 
Short Circuit Output Current ee 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED rae CONDITIONS (Voltages referenced to Vss, Ta =0 to 70°C) 


Parameter 


Input High Voitage 
Input Low Voltage 


DC AND OPERATING CHARACTERISTICS (0°C<T,<70°C, Von = 3.3V + 0.3V) 


Recommended operating conditions unless otherwise noted) _ 


Parameter Symbol | Min | Max | Unit 
Opvernting Current* KM41V4000C/CL/CLL-6 
FAS CAS Address Cycling @trc=min.) EMA oot ert 
» GAS, ycling sn: KM41V4000C/CL/CLL-8 50 | mA 
— = p= =a 
| Standby Current (RAS=CAS=W=Vir) j. Mece 1 | mA 
[ma | 
RAS-Only Ftesh Curent | atyAROCSIELGLS | tcos | | SB | mR 
(CAS=Vin, RAS, Address Cycling =e KM41V4000C/CL/CLL-8 L 50 | mA | 
| 
* KM41V4000C/CL/CLL-6 45 | mA 
GES oe ine Cinna cascades KM41V4000C/CL/CLL-7 loca 40 | mA 
( IL ress Cycling @tpc=min.) KM41V4000C/CL/CLL-8 | 35 | mA 
— = —r = 
KM41V4000C 500 | #A 
(RAS=CAS=W=Vpp-0.2V) KM41V4000CLL 100 | #A 
FAS. > RAS * KM41V4000C/CL/CLL-6 60 | mA | 
owes ae oe KM41V4000C/CL/CLL-7 Icce 55 | mA 
(RAS an ycling @tRc=min.) KM41V4000C/CL/CLL-8 50 | mA 
Battery Back Up Current ar [ 
Average Power Supply Current, 
Battery Back Up Mode, 
Input High Voltage(ViH)=Vpp-0.2V KM41V4000CL Icc7 200 uA 
Input Low Voltage (Vit)=0.2V % 
CAS=CAS-Before-RAS Cycling or 0.2V 
Din=Don't Care TRco=125(L-ver) «S 
TRAS=TRAS min~300ns 4 [ 
Self Refresh Current ie 
RAS=CAS=VIL KM41V4000CLL Iccs 150 | #A 
D=W=Ao~Ai0=D=Vpp-0.2V or 0.2V 
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KM41V4000C/CL/CLL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS continued) 
Parameter Symbol . Min | Max | Unit 


Input Leakage Current 
(Any input 0<Vin<Vpp+0.3V, all other pins not under test=0V) 


Output Leakge Current low 10 A 
-|(Data out is disabled, OV <Vout< Vop) a ae 10} 28 


hu) -10 10 HA 


{Output High Voltage Level (loH=-2mA) VOH | 2.4 : Vv 
Output Low Voltage Level (loL=2mA) VoL - 0.4 V 


* Note: icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified: value are obtained with the 
output open. Icc is specified as average current. Icc1, Icc3, Icce, Address can be changed maximun two times while 
RAS=ViL. Icc4, Address can be canged maximun once during a Fast Page Mode Cycle. 


CAPACITANCE 1a=25°c, voo=3.3V, f=1MHz) 


Input Capacitance(Ao-A10,D) 
Input Capacitance(RAS, CAS, W) 


output Capacitance(Q) 


AC CHARACTERISTICS (0°c<tTa<70°C, Vcc=5.0V-+10%, See notes 1,2) 


-7 -8 
Parameter Symbol Min —— Min} Max | Min] Max Unit | Notes 
Random read or write cycle time | tec 110 al 130 150 se ns 
Read-modify-write cycle time tRWC 130 [155] in 175 ns a 
Access time from HRS tRAC 60 = —_ 70 | = ual nsf 3,4,14 
| Access time from CAS | teac 15 20 20 ns 3,4,5 | 
Access time from column address taA 30 | 35 I at 40 ns 3,11 
| CAS to output in Low-Z | towz 0 0} {| o} | ms | 3 
| Output buffer turn-off delay __| torr 0 al of ao of 20] ns | 7 4 
Transition time(rise and fall) i} tT 3 50 3 50 3 50 ns 2 oa 
| RAS precharge time ; tRP 40 SI 50| =e 60} “als ns | 
RAS pulse width ‘| tras 60] 10,000 70| 10,000 jee 10,000 | ns | 
RAS hold time trou | 15 Ta) 20| “oa 
| CAS hold time | tCSH 60 | 70 | {| 80 Wes ei oie _ 
as pubewidt tcas 15} 10,000 peel el 20 10,000 | ns = 
RAS to CAS delay time { trop 20 45 20 50 | 20 60 ns 4 
RAS to column address delay time tRAD 15 30 | 15. 35 iz 15 es 40 | ns 11 I 
CAS to RAS precharge time _| trp 5 _t sy + 5 ns | = 
ited address set-up time tASR 0 0 ol “| ns os 
Row address hold time [tea | 10 10 10 ns 


ELECTRONICS 


KM41V4000C/CL/CLL  —s> CMOS DRAM 


AC CHARACTERISTICS (continues 


-6 -7 -8 | ; 
Parameter Symbol Min| Max Min) Max Min | hans Unit | Notes 
| Column address set-up time | _tasc = 0 bn — _0| ns_ | 
Column address hold time - tCAH 1 5} 15 Es ih ns | 
Column address hold time referenced to RAS | taR | 55 60 | ns 6 
Column address to RAS lead time | tRAL {| 35) 40 |_ns | 
Read command set-up time tRCS 0 0 ns 
| Read command hold referenced to CAS . tRCH | A 0 a | __ns ea 9 
Read command hold referenced to RAS | tRRH | 0} 0 | ns 9 
Write command hold time twCH 15 15 kt ns 
Write command hold referenced to RAS twcr | 55 60 _ | ns 6 
Write command pulse width twe | 15 | | [ 15 i feed 
Write command to RAS lead time tRWL 20 20 ns 
Write command to CAS lead time tcwL 20 20 ns 
Data-in set-up time tos 0 a 0 [ons | 10 
| Data-in hold time {DH 15] [15] ns | 10 
| Data-in hold referenced to RAS tDHR 1 55 60 ns 6 
Refresh period (1024 cycles) tREF 16 16 16 ms 
Refresh period (L/LL-version) tREF 128 128 128 | ms 
Write command set-up time twcs 0 0 ns 8 
CAS to Write enable delay tcwo 20 20 ns 8 
RAS to Write enable delay tRWD 70 80 _|_ns 8 
Column address to W delay time tawD 35 40 ns 8 
CAS setup tinte (CAS-before-RAS cycle) tcsR 10 10 “a ns_| 
CAS hold time(CAS-before-RAS refresh) tCHR 15 | | 15 | _[_ ns 
RAS precharge to CAS hold time tRPC 5 5 | ns 
CAS precharge (C-B-R counter test) tcPT 25 30 ns 
Access time from CAS precharge tCPA 35 | 40 | e 45 ns 3 
Fast page mode cycle time tec 45 | 50 | ns} 
| CAS precharge time(fast page mode) tcp 10 10 ns 
RAS hold time from CAS precharge | tence 40) 45 ns 
Fast page mode read-modify-write tPRWC 70 7 ns 
RAS pulse width (fast page mode) LL, tRASP 200,000 70 / 200,000 80} 200,000 ns 
Write command set-up time (test mode in) i twTs | tol. | 40 ns 
Write command hold time (test mode in) — tWTH 10 10 ns | 
W to RAS precharge time(C-B-R refresh) | twaP 10 10 ns 
W to RAS hold time(C-B-R refresh) twRH . 10 10 | ns 
RAS pulse width (C-B-R self refresh) {PASS | 100 100 us 13 
-| RAS precharge time (C-B-R self refresh) T tres 130] 150 ns 13 
CAS hold time (C-B-R self refresh) tous -50 -50 | ns ig: 
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CMOS DRAM 


TEST MODE CYCLE 


Random read or write cycle time 


Parameter 


Read-modify-write cycle time 
Access time from RAS 


Access time from CAS 
Access time from column address 


RAS pulse width 


CAS pulse width 

RAS hold time 

CAS hold time 

Column address to RAS lead time 


= to write enable delay 


Column address to W delay time 


Ls 
Fainaioneim fe 
Feteenmanseomraie Lowe 
FAS piewistpperasey == tr || ane | re) an 
ies tnetem Spee mm || 


NOTES 


1. 


An initial pause of 200us is required after power- 


up followed by and 8 CBR or ROR cycles before 


proper device operation is achieved. 


. Vin(min) and Vi(max) are reference levels for meas- 


uring timing of input signals. Transition times are 
measured between Vix(min) and V\,(max) and are 
assumed to be 5ns for all inputs. 
Measured with a load equivalent to 1TTL load and 
100pF, and Voh=2.0V, Vol=0.8V 


. Operation within the tracp(max) limit insures that 


trac(Max) can be met. tacp(max) is specified as a 
reference point only. If taco is greater than the 
specified tacp(max) limit, then access time is con- 
trolled exclusively by tcac. 


. Assumes that taco > tracp(max). 
. tar, twor, tour are referenced to trap(max). 
. This parameter defines the time at which the out- 


put achieves the open circuit condition and is not 
referenced to Vou or Vo. 


. twes, tawo, tewo and tawo are non restrictive operat- 


ing parameters. They are included in the data sheet 
as electrical characteristics only. If twcs> twcs(min) 


(Note. 12) 


ee 


10,000 
10,000 


10,000 
10,000 


— 


_ 
—s 


12. 
. 1024 cycle of Burst Refresh must be executed 


0. 


the cycle is an early write cycle and the data out- 
put will remain high impedance for the duration of 
the cycle. If tewo>tewo(min), tawo>tawo(min) and 
tawo2 tawo(min), then the cycle is a read-write cycle 
and the data output will contain the data read from 
the selected address. If neither of the above con- 
ditions are satisfied, the condition of the data out 
is indeterminate. 

Either tacn or tary Must be scistied for a read 
cycle. 

These parameters are referenced to the CAS lead- 
ing edge in early write cycles and to the W leading 
edge in read-write cycles. 


. Operation. within the tran(max) limit insures that 


trac(max) can be met. tran(max) is specified as a 
reference point only. If trap is greater than the 
specified tran(max) limit, then access time is con- 
trolled by taa. 

These specifications are applied in the test mode. 


within 16ms before and after self refresh, in order to 
meet refresh specification 


ee” 
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KM41V4000C/CL/CLL CMOS DRAM 


TIMING DIAGRAMS 


tasr 


READ CYCLE 
tre 
tRAS 
eS Me : 
Vin — : 
CAS Vit— wm 
ae 


> 


Q 


WRITE CYCLE (EARLY WRITE) 


RAS 


(@) 
n 


> 


OY 


Vin— CK) ROW — OKA) COLUMN x 
rn Beavers PON sovness PRXAXS 


6 ‘YX XXX) ¢ XYXXKKKK XX) 
sf X KEK KK ORK YY YKY 


Os 6. 


tRRH 
tRCH 


Vv In— \/ XXKAX KKK XX XXX ¥ XXX KKK KKK 
Vir— RRR KYRYY tan RRA Y 
tRac toFF 
, [>—teiz re 
OH— 
Noi OPEN Xx ¢ 


Vin— 
Vit i a 
—a trp 
Fea tcrp 
i ey 
Vip— 
Vir— ‘NO {/ 
tas” [ay {CAH i; 
Vin— AXX) i X X a XXX AXXAAAAKAK KKK KOK KCK 
Vn ROK anomess PRON edoaess PRIN KORD 
twes 
Vin— “YXYXKXKX KKK X) twp OXXXX KKK KKK KX XXX XXXKKKKKKKKK KNX 
Vi Nn tnlets RRR ORY OY 
Lame es _ # 
el Ree 
tos ~— tbH 
Ving KKK K KKK UX KKK KKK KKK RRA / XX ARK KKK XXX 
Vi QQ ATA __ RRR IIRC 
toHR 
VoH— 
VoL OPEN 


EX] con't CARE 
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KM41V4000C/CL/CLL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 


trwe 


tras 


axe VIH~ tar 
RAS ee ; 
_ EE ETE trp 
= = 
exe = (VK 
ViL— i tasr 
ViH— XXX VA/ xX YYKX xX XXX 
a YH XX EO EE cs OKRA RY ROR 
iss 
_ Vin— 7 v, 
W OY | 
tcac twp toFF 
é VoH— SHEN ne Cee g VALID 
vou i 
tRac tos toH . 
ViH— es OK XK KK KKK KKK XX OXKKK KKK) CON Onaeee 
Dp Vin RON OK ORK RRR IR RK On DATA Rx XK x) xX RKRKKD 


FAST PAGE MODE READ CYCLE 


tRasP 


tar 


3 
> 
n 
< 
= 
| 


tasr 


VIH OY’ COL SALYY YY KY RY COL YY XXX YY Y KN 
* SC GEOR EREDY ERE 
CPA 
t 
Vin— tcLz ¥, 
are ——FOPEN Oh ERD meee SAND Ses iD 
tracs ro tRRH 
trcs tRCH 
_ Vin— WY AN 
w ViL— NS x 


RO DON'T CARE 


ea - 
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KM41V4000C/CL/CLL _ CMOS DRAM 


TIMING DIAGRAMS (Continueq) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


me VIH— trasP 
RAS vy — . Y \ 
tcsH trsH-———4 
tcorp ae tcas cP 
Ves = tcas tcas 
s Vir— \\ Nee 
fees tar tasc tasc faa 
; tasr traH | tasc tcaAH tCAH tCAH 
vie— XX ROW RY, COL nN COL A 
XE OC ON KR 
}-~— trab 5 
twcr t bald t twcoH 
hee WCS WCS fe. se, 
Vin aaa XY\ “° AX XXKKK AY 
Wo we Ba AD ais r aN NN CGNN 
tos — : ton | tos tbH 
Vin— XX? OY Wy KR caida Ge a Oy 
+ TAREE XERX Ry 
VoH— 
Q ee OPEN 


RX DON’T CARE 
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KM41V4000C/CL/CLL CMOS DRAM 


TIMING DIAGRAMS (continued) 
FAST PAGE MODE READ-WRITE CYCLE 


-_ ee - trasP —| --tre 
RAS 
Vit 
pete, {csSH j}-—-——-trRSH 
tprawc-—_—| 
tore | L_ taco tcas tcp tae | ereee 
| tcas——+ 
VIH 
— ViL - \ /} 
tRAL 4] 
tasr sia nee aa | PASC KCan | 
Vin - iV, vy 9, ARIK KV VV VY 
¢, XN (XX) {cot a00 | OK K XXX XOX? 
mn Xow AB DREERL cor noe HRA cot A00 DERIK COL AO DR RON 
ae |tcwo tcwpb tcwo 
tcwL towL 
rp tawo-— g tawo-— po) tone —tAWD——} 
trcs t= tRWL +4 
aes Vin - KAKAAAAAAKVYY VV 
OOK KX XY (A? 
We AIRY On 
twe twp twp 
‘a trawo- — |. 
tos !oH tos—| Lil tp tpg Lea 8H 
j 
D VI - YYKX XY XXX YY XXX) VALID YY XXX ALID “YY YX KX ALIDA/ YYYXKK KKK) 
1. SSRN ANON ORT A ION READ SOKA Ma ADO OOOKKA 
tcLz 
eal teiz 4 teizL+-— 
tcac tcac hae se 
beta ie taasj-—4 taa—--—4 
tRAC tcpA—t—+ topa 
Vou - A) . tA) 
ogee i ES es ee, 
torr torr = torr 


seseges| DON’t CARE 
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_ TIMING DIAGRAMS <‘continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, D, Aio= Don’t Care 


tac 


tRAS 


RAS Vin— 
Vit— 
tasr tra ie 
Vin— TKK KOK _-— VEOCCECCONECCESESECCCECN UNCC OCCE NN 
: Vi RRO, Row aooress KAS RRR RK RIN 


Vit— 


tcrP trpc 


Q 


OPEN 


CAS BEFORE RAS REFRESH CYCLE 
Note: D, Address =Don’t Care 


trp trp 


ARS . 7 tras 
top tRec 
Viq — /_— 
wey a REIN 
twrH 
y>— Lt YVYYVVYY YVV Ver VV AY, 
We RRR RY RRR 
torr ‘ 
Q Vou — 
Wen, << ) OPEN 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-ver only) 
Note: Address=Don’t Care 


RAS = trass me 

CASE =e 

ae al RK 

. ny ee 
ey torr ; 

Oe RRR OPEN 


ROY DON’T CARE 


PEnmsunig — 
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KM41V4000C/CL/CLL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 


RAS 
CAS 
[traf tf tar | 
IK {ten| J | | 


tase tRAH lake {CAH ’ 
C | 
Vin— A/YY /Y/ YYW V,WAVAVAVAVAVAWAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVATAVA'S 
A 1 RXRRK absress AK ROEREES DRI a RR RRC) 


twRH 


trcs tRRH twrp 
| io 
a Vin— MMAA/YAAMA/VYV \/ WA A//VA KYA VY YVV Y/Y VY 
w Van ORY RR Ri 


L tise Le 


RAC 
ie : \ 
VALID DATA 
. Vo.r— Vy \ ) 
terz 


HIDDEN REFRESH CYCLE (WRITE) 


= tre —_— 
[. tras | tap —| —— tras —| 
RAS ViH— Fs 
Vit— 
torp-—+— trcep —— {RSH bane 
ie 
| [+ tar 
| t—-—— trap 
tas} [tRAH | tasc 
Vin— A VAVATAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVaravanasvavavAvararavavararays 
ve f _ESERES HREKR SNARK KR RRR 
—_ twor | 
| ae ed ee 1 | twrH | 
twp 
Vinp— AVWASA AAA AA AAA?7 UV V¥ KAA YVVYWAVVYYVYYYVVVY 
1 RXR TAY RR RK 
toH 


Vipn— AAAA/ASAAAAAAA/SY MAAJSYAAAA)A\AAAAAAA/AAAYVY¥ YYWVY/JY 
0 RR, vatio vara KIX RY 


VoH— b+ to»rk ————~] 
| ee DON'T CARE 


VoL— 
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KM41V4000C/CL/CLL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


tras 


— Vit— tRSH 
RAS j 
Vit— 
tcsr 
CKS Mii 
/ Vit— 


e=|Fey 
Vinp— YOY VA AAV VV VY YY tA AASV YVYVYVYYYVYVYVY VY Way, 
ADDRESS ——_ KI) 


(/ 
A Vie XX ADDRESS XX 
tcac 
READ CYCLE mn 7 
taa torr 
- = ‘aC: 


twrp 


touz [ tRRH 
ot Vin— YAY YXNKS RY XXYKXYY he RX YX "4 
” Vit— QOQQY OOK x YX AX 


WRITE CYCLE 


tRCH 


VoH— 


Q OPEN 
tRWL 


|_| tow. 


twrp: twRH : 
twos —] /+—twcH 
ants Vip— Y ASV Vg A/V VY 7 YAASYVYYYVAALSVYYVY YWYV/ 
w Vin, QRXXY KKK ie LORE RRR KK 
Vipn— YYASYAAYYYAAY YYVYYY YY A VAA/SYAA//Y YYSAAKAX X \/ 
° Va RRR RR VALID DATA RRR OK 


READ-WRITE CYCLE 


torr 


VALID DATA Y 


tcwL—4 


VoH— . 
OPEN ¢ 
Q RORY 


poole 


twrpP tWRH 


tawD tRWL 


oA Vin— YYVKAKGQ LIV AA AYY COO VV AAS VA/ 
w Vin RRRY OXY taos QAR KXR LK 
tcwo bi 
Vin— YYYWYLYAAYYYYVWIYrAY KY PYYYJYY$YYPJrYPYPYYYX¥PYXPY®YW(JY? I AA AAY YVYYVYYYVYVY VYYYWY#YVY¥YYv“v_Y 
p Vn RRR ROR RIL, VALIO DATA DOERR RR RY 
tos T ton 


Nag DON’T CARE 


en 
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TIMING DIAGRAMS (continued) 


TEST MODE IN CYCLE 
NOTE: D, Address=Don't Care 


CMOS DRAM 


tac 


——— Vin— 
RAS 
ViL— trec 
tcp tcsr 
ema aly 
he Vin— Fe 
Vit— 
twTs ‘ect 
= Vin— LXXX YX XXXX) 
vm ORY 
torr 
Q VoH— 
Vot— 
TEST MODE DESCRIPTION 


The KM41V4000C/CL/CLL is the RAM organized 4, 
194,304 words by 1 bit it is internally organized 524, 
288 words by 8 bits. In “Test Mode", data are written 
into 8 sectors in parallel and retrieved the same way. 
Column address bit Ao and Ato are not used. If, upon 


reading, all bits are equal (all "1" or "O"s), the data — 


output pin indicates a "1"If any of the bits differed the 
data output pin would indicate a "0". In "Test Mode", 


ne? 


ELECTRONICS 


V, KXKKYY Y 


AY 


(XXX 
AY 


tRAS tre 


(\ ¢ ‘\ XXX KX X OXXKK KKK KY XXX) 
KX YY 


, ARN 
.0,0.0,0,0. 0.0, KX KX XXX 


Oy AK AX RAXXYY) 


TIRES 
LK SKA ARYAN 


OPEN 


XKXY DON’T CARE 


the 4M DRAM can be tested as if it were a 512K 
DRAM. W, CAS-Before-RAS Cycle (Test Mode in Cycle) 
puts the device into "Test Mode", And "CAS-Before- 
RAS Resfresh Cycle" or "RAS-only-Refresh Cycle" 
puts it back into "Normal Mode". During the test mode 
operation, a WCBR cycle is used to perform refresh. 
The "Test Mode" function reduces test time(1/8 in 
cases of N test pattern.) 
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DEVICE OPERATION 


Device Operation 

The KM41V4000C/CL/CLL contains 4,194,304 memory 
locations. Twenty-two address bits are required to 
address a particular memory location. Since the 
KM41V4000C/CL/CLL has only 11 address input pints, 
time multiplexed addressing is used to input 11 row and 
11 column addresses. The multiplexing is controlled by 
the timing relationship between the row address strobe 
(RAS), the column adress strobe(CAS) and the valid 
row and column address inputs. 


Operating of the KM41V4000C/CL/CLL begins by 
strobing in valid row address with RAS while CAS 
remains high. Then the address on the 11 address 
input pins is changed from a row address to a column 
address and is strobed in by CAS. This is the beginning 
of any KM41V4000C/CL/CLL cycle in which a memory 
location is accessed. The specific type of cycle is deter- 
mined by the state of the write enable pin and various 
timing relationships. The cycle is terminated when both 
RAS and CAS have returned to the high state. Another 
cycle can be initiated after RAS remains high long 
enough to satisfy the RAS precharge time(tre) require- 
ment. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respecitively. These mini- 
mum pulse widths must be satisfied for proper device 
Operation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to satisfy- 
ing the minimum RAS and CAS pulse widths. In addi- 
tion, a new cycle must not begin until the minimum RAS 
precharge time, trp, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM41V4000C/CL/CLL begin a complex sequence of 
events. If the sequence is broken by violating minimum 
timing requirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining the write 
enable input(W) high during a RAS/CAS cycle. If CAS 
goes low before trcp(max), the access time to valid 
data is specified by trac(min). If CAS goes low after 
trcp(max), the access time is measured from CAS and 
is specified by tcac. In order to achieve the minmum 
access time, trac(min), it is necessary to bring CAS low 
before tacD(max). 


Write 

The KM41V4000C/CL/CLL can perform early write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W and 
CAS. In any type of write cycle, Data-in must be valid at 


or before the falling edge of W or CAS, whichever is 
later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The data at the data input pin 
(D) is written into the addressed memory cell. 
Throughout the early write cycle the output remains in 
the Hi-Z state. The cycle is good for common I/O appli- 
cations because the data-in and data-out pins may be 
tied together without bus contention. 


Read-Modify-Write: In this cycle, valid data from the 
addressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CAS and meeting the data sheet read-modify-write 
cycle timing requirements. This cycle requires using a 
separate I/O to avoid bus contention. 


Late Write: If W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tRwp, tcwD and tawb, are not necessarily 
met. The state of date-out is indeterminate since the 
output can be either Hi-Z or contain data depending on 
the timing conditions. This cycle requires a separate I/O 
to avoid bus contention. 


Data Output 

The KM41V4000C/CL/CLL has three-state output 
buffer which are controlled by CAS. Whenever CAS is 
high(Vin), the output is in the high impedance (Hi-Z) 
state. In any cycle in which valid data appears at the 
output, goes into the low impedance state in a time 
specified by tciz after the falling edge of CAS, Invalid 
data may be present at the output during the time after 
tcLz and before the valid data appears at the output. 
The timing parameters tcac, trac and taa specify when 
the valid data will be present at the putput. The valid 
data remains at the output until CAS returns high. This 
is true even if anew RAS cycle-occurs (as in hidden 
refresh). Each of the KM41V4000C/CL/CLL operating 
cycles is listed below after the corresponding outout 
state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode 
Read-Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-before-RAS Refresh, CAS-only 
cycle. 


Indeterminate Output State: Delayed Write 


Refresh 
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DEVICE OPERATION (continue) 


The data in the KM41V4000C/CL/CLL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To maintain 
data integrity it is necessary to refresh each of the rows 
every 16(L,LL-ver:128ms). There are several ways to 
accomplish this. 


RAS-Only Refresh: This is the most common method 
for performing refresh. It is performed by strobing in a 
row address with RAS while CAS remains high. This 
cycle must be repeated for each row. 


CAS-before-RAS Refresh: The KM41V4000C/CL/CLL 
has CAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CAS input is held low for the specified set up time 
(tcsR) before RAS goes low, the on-chip refresh circuit- 


ry is enabled. An internal refresh operation auto-mati- . 


cally occurs. The refresh address is supplied by the on- 
chip refresh address counter which-is then internally 
incremented in preparation for the next CAS-before- 
RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be per- 
formed while maintaining the latest valid data at the 
output by extending the CAS active time and cycling 
RAS. The KM41V4000C/CL/CLL hidden refresh cycle 
is actually a CAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is provid- 
ed by the on-chip refresh address counter. 


Self Refresh : The self refresh is CAS-before-RAS 
refresh to be used for long periods of standby, such as 
al battery back-up. In nomal CAS-befoerd-RAS cond- 
tion, when RAS is held low above 100 s an internal 
timer activates an refresh operation of consecutive row 
addersses in DRAM. The self refresh mode is exited 
when either RAS of CAS goes high(Vix). 


Other Refresh Methods: It is also possible to refresh the 
KM41V4000C/CL/CLL by using read, write or read- 
modify write cycles. Whenever a row is accessed, all 
the cells in that row are automatically refreshed. There 


are certain applications in which it might be advanta- — 


geous to perform refresh in this manner but in general 
RAS-only or CAS-before-RAS refresh is the preferred 
method. 


Fast Page Mode 

The KM41V4000C/CL/CLL has Fast page mode capa- 
bility. Fast page mode memory cycles provides faster 
access and lower power dissipation than normal memo- 
ry cycles. In Fast page mode, it is possible to perform 
read, write or read-modify-write cyclels. As long as the 


applicable timing requirements are observed, it is possi- 
ble to mix these cycles in any order. A fast page mode 
cycle begins with a normal cycle. Then, while RAS is 
kept low to maintain the CAS is cycled to strobe in addi- 
tional column addresses. This eliminates the time 
required to set up and strobe sequential row addresses 
for the same page. Up to 2048 memory ceils can be 
accessed with the same row address. 


CAS-before-RAS Refresh Counter Test Cycle 
A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of ver- 
ifying the functionality of the CAS-before-RAS refresh 
activated circuitry. 


After the CAS-before-RAS refresh operation, is CAS 
goes high and then low again while RAS is held tow, 
the read and write operations are enabled. 


This is shown in the CAS-before-RAS counter test 
cycle timingy diagram. A memory cell can be 
addressed with 11 row address bits and 11 column 
address bits defined as follows: 


Row Address- Bits Ao through Ag are supplied by the 
on-chip refresh counter. This A1o bit is set high 
interally. 


Column Address-Bits Ao through A1o are strobed -in by 
the falling edge of CAS as in a normal memory cycle. 


Suggested CAS-before-RAS counter 

Test Procedure 

The CAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 


1. Initialize the internal refresh counter by perfoming 
8CAS-before-RAS cycles. 

2. Write a test patten of “lows"into the memory cells at 
a single column address and 1024 row address. 
(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycles, read the “lows” writ- 
ten during step 2 and write “highs” into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

. Read the “highs” written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 

and 4. 


a 


Power-up 
If RAS=Vss during power-up,the KM41V4000C/CL/CLL 
could begin an active cycle. This condition results in 
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DEVICE OPERATION (continue) 


higher than necessary current demands from the power 
supply during power-up. It is recommended that RAS 
and CAS track with Vcc during power-up or be held at 
a valid ViH in order to minimize the power-up current. 
An initial pause of 200 «sec is required after power-up 
followed by any 8 RAS cycles before proper device 
operation is assured. Eight initialization cycles are also 
required after any 16 msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 


Termination 


The lines from the TTL driver circuits to the 
KM41V4000C/CL/CLL inputs act like unterninated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
temination may be used,series temination is generally 
recommended since it is simple and draws on addition- 
al power. It consists of a resistor in series with the input 
line placed close to the KM41V4000C/CL/CLL input pin. 
The optimum value depends on the board layout. It 
must be determined experimentally and is usually in the 
range of 20 to 40 ohms. 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching trnsinent 
effects are minimized. The recommended methods are 
gridded power and ground lines or separate power and 
ground planes. The power and ground lines act like: 


transmission lines to the high frequency transients gen- 
erated by DRAMS. The impedance is minimized if all 
the power supply traces to all the DRAMS run both hor- 
izontally and vertically and are connected at each inter- 
section or better yet if power and ground planes are 
used. 


Decoupling 

The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage 
droop on the Vcc line can cause loss of data integrity 
(soft errors). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voltage 
(measured at the device pins) should not exceed 
500mv. 


A high frequency 0.1 «F ceramic decoupling capacitor 
should be connected between the Vcc and ground pins 
of each KM41V4000C/CL/CLL using the shortest possi- 
ble’ traces. These capacitors act as a low impedance 
shunt for the high frequency switching transients gener- 
ated by the KM41V4000C/CL/CLL and they sypply 
much of the current used by the KM41V4000C/CL/CLL 
during cycling. 


In anddition, a large tantalum capacitor with a value of 
47uF to 100%F capacitors between cycles. thereby 
reducing power ling droop. The bulk decoupling capaci- 
tor should be placed near the point where the power 
traces meet the power grid or power plane. Even better 
results may be achieved by distributing more than one 
tantalum capacitor around the memory array. 
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PACKAGE DIMENSIONS 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 


Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


0.295 (7.49) 
0.305 (7.75) 
0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 
0.340 (8.64) 
0.008 (0.20) 
0.012 (0.30) 


0.128 (3.25) 
0.145 (3.68) 


a 


0.670 (17.02) 
0.680 (17.27) 


0.004 (0.1) 
0.050 (1.27) 0.015 (0.38) 0.026 
TYP 0.021 (0.53) 0.032 
0.050 (1.27) 


(0.66) 
(0.81) 
MAX 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


1.025(26.04) 0.113(2.87) 
’ 1.035(26.29) 0.120(3.05) 
C 


0.325(8.26) 
0.335(8.51) 
0.400(10.16) 


0.009(0.23) 
0.013(0.33) 


0.100(2.54) | 0.100(2.54) 
MIN TYP 
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PACKAGE DIMENSIONS (Continued) : 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.03 (0.80) 


0.298 (7.57) 
0.302 (7.67) 
0.324(8.22) 

0.359 (9.12) 
0.367 (9.32) 


0.671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


Fy ee) 
Sas fas heres fa Bae Rs 
0.048 (1.22) | | 0.012 (0.30) 
0.052 (1.32) 0.020 (0.50) 
, 0.016 (0.40) 
0.024 (0.60) 


IQ _ 0.003 (0.08) 
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_ 1M x4Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 


Pt trac | tea | tro | 
KM44V1000C/CL/CLL-6 | 60ns | 15ns | 110ns | 


KM44V1000C/CL/CLL-7 
KM44V1000C/CL/CLL-8 


¢ Fast Page Mode operation 


« Self. Refresh operation (LL-version) 
« CAS-before-RAS refresh capability 
* RAS-only and hidden refresh capability 
« Fast parallel test mode capability. 
* TTL compatible inputs and output 
* Early write or output enable controlied write 
* Single + 3.3V + 0.3V power supply 
* Refresh Cycle 
— 1024 cycle/16ms (Normal) 
~—— .1024 cycle/128ms (L-version) 
— 1024 cycle/128ms (LL-version) 
¢ Power dissipation 
— Standby: 3.6mW (Normal) 
'  0.18mW(L-version) 
0.18mW(LL-version) 
— Active (60/70/80ns):220/200/180mW — 
« JEDEC standard pinout 
¢ Available in Plastic SOJ, DIP, ZIP and TSOP -Il 
packages 


FUNCTIONAL BLOCK DIAGRAM 


CONTROL & 
CLOCK 


92 
Zl al ow 


Ao 


ROW DECODER 


ADDRESS BUFFERS 


Ag 


REFRESH CONTROL & 
ADDRESS COUNTER 


COLUMN DECODER 
SENSE AMPS & I/O 


MEMORY ARRAY 
1,048,576 x 4 CELLS 


GENERAL DESCRIPTION 


The Samsung KM44V1000C/CL/CLL is a high speed 
CMOS 1,048,576 bit x 4 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as mainframes and mini computers, 
graphics and high performance microprocessor 
systems. 


The KM44V1000C/CL/CLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alter native to RAS-only Refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44V1000C/CL/CLL is fabricated using 
Samsung's advanced CMOS process. 


— Vss 
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PIN CONFIGURATION (Top Views) 


» KM44V1000CP/CLP/CLLP ¢ KM44V1000CJ/CLJ/CLLJ ¢ KM44V1000C2Z/CLZ/CLLZ 


° KM44V1000CT/CLT/CLLT ¢ KM44V1000CTR/CLTR/CLLTR 


Data Output Enable 


Data In/Data Out 
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KM44V1000C/CL/CLL CMOS DRAM 
ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative to Vss - 0.5~Vpb + 0.5 


Voltage on Vop Supply Relative to Vss -0.5~4.6 


Storage Temperature — 55 to +150 


‘Power Dissipation 600 
Short Circuit Output Current 50 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta=0 to 70°C) 


Supply Voltage 


Ground 


Input High Voltage 
Input Low Voitage 


DC AND OPERATING CHARACTERISTICS (o°c<T,<70°C, Vpol=3.3V +0.3V) 


(Recommended operating conditions unless otherwise noted) 


Parameter 


Symbol! | Min 


KM44V1000C/CL/CLL-6 
KM44V1000C/CL/CLL-7 
KM44V1000C/CL/CLL-8 


Operating Current* 
(RAS, CAS, Address Cycling @trc=min.) 


Standby Current (RAS=CAS=W=Vin) Iec2 ‘ 1 mA 
RAS * KM44V1000C/CL/CLL-6 - 60 mA 
ee ee fact KM44V1000C/CLICLL-7 | !ccs | - | 55 | ma 
(CAS=Vin, RAS, Address Cycling @trc=min.) KM44/1000C/CL/CLL.8 hs oe ea 


Fast Page Mode Current* Soh taht ee iesa - 2 si 
DAG nai aW Wal . - . a 4 m. 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM44V1000C/CL/CLL.8 | ° 35 A 
tandby C t KM44V1000C 4 500 BA 
FAS_CAS-W. Vpp -0.2V) KM44V1000CL Iccs _ 100 LA 
sa hd : KM44V1000CLL Oe 100 | #A 
CAS-Before-RAS Refresh Current* KM44V1000C/CL/CLL-6 - 60 


KM44V1000C/CL/CLL-7 Icceé - 55 


mA 

mA 
KM44V1 uaa wiahoaeel Lo ale mA 

— 


(RAS and CAS Cycling @trc=min.) 


Battery Back Up Current 

Average Power Supply Current, 
Battery Back Up Mode, 

Input High Voltage(ViH)=Vcc-0.2V 
Input Low Voltage(Vit)=0.2V 
CAS=CAS-Before-RAS Cycling or 0.2V 
DQ1~DQ4=Don't Care 
TrRce=125(L-ver.)“S 

TRAS=TRAS min.~300ns 


ISelf Refresh Current 
RAS=CAS=VIL 

W=OE=Ao~As=Vop-0.2V or 0.2V 
DQ1~DQ4=Vpp-0.2V or 0.2V 
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DC AND OPERATING CHARACTERISTICS Continued) 


Input Leakage Current 
(Any input 0<Vin< VpD+0.3V, all other pins not under test=0V) 


Output Leakge Current 
(Data out is disabled, OV< VouT< Vop ) 


Output High Voltage Level (loH=-2mA) 


Output Low Voltage Level (loL=2mA) 


* Note: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified value are obtained with the 
output open. Icc is specified as average current. Icc1, Icc3, Icce, Address can be changed maximun two times while 
RAS=ViL. icca, Address can be canged maximun once during a fast page Mode cycle. 


CAPACITANCE 1=25°C, vo0=3.3V, f=1MHz) 


Input Capacitance(Ao-Ag) 
Input Capacitance(RAS, CAS, W,OE) 


AC CHARACTERISTICS (°c <Ta<70°C, Vop=3.3V+0.3V, See notes 1,2) 


6 -7 -8 
Paramet Symbol Unit | Notes 
mantra Max | Min| Max | Min| Max 


Read-modify-write cycle time tRWC 185 


Access time from RAS tRAC 7 
Access time from CAS tcac 15 20 
| —}—- —- 

Access time from column address tAA 30 35 

Los to output in Low-Z , tclz 0 = 0 aa 0 
Output buffer turn-off delay toFF 0 15 0 20 0 
Transition time(rise and fall) tT 3 50 3 — 50 
RAS precharge time trP 40 50 

| FAS pulse width tras | 601 10,000! 70] 10,000 
RAS hold time ze tRSH 15 20 
CAS hold time tosh | 60 70 aii | 
CAS pulse width tcas 15 ‘0000 | 20; 10,000} 20; 10,000 ns | 
RAS to GAS delay time [tro | 20] 45 | 20 50 | 20 60 | ns | 4 
RAS to column address delay time tRAD 1 at 15 35 15 om | 11 
CAS to RAS precharge time a 5 6) 5| ns 
Row address set-up time taSR 0 0 0 ns _| 
Row address hold time tRAH 10 |_ 10 me 10 | ns 
Column address set-up time ‘ tasc 0 0 0 ns | 
| Column address hold time tCAH 10 a [te a4 15 ns 
t Column address hold time referenced to RAS tar 45 55 60 ns ig 6 
Column address to RAS lead time RAL 30 35 40 ns | 
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AC CHARACTERISTICS (Continued) 


6 -7 8 
Parameter Symbol 7} Unit | Notes 


Read command set-up time {RCS 


Read command hold referenced to CAS | tec 0 0 ns ) 
Read command hold referenced to RAS tRRH 0 0 ns ) 
Write command hold time tWCH 15 15 | | ns | | 
Write command hold referenced to RAS twcr 55 60 ns 6 
| write command pulse width twp 15 15 ns 
Write command to RAS lead time tRWL 20 20 ns 
Write command to CAS lead time tCwL 20 20 ns | 
Data-inset-up time | tDs 0 0 ns 10 
[Dann hold time tDH 15 15 ns 10 | 
Data-in hold time referenced to RAS tDHR 55 60 ns 6 
Refresh period (1024 cycles) tREF 16 16 | eos 16 ms | 
Refresh period (L-version/LL-version, 1024 cycles) tREF 128 128 128 ms 
Write command set-up time twcs 0 0 ns 8 
CAS to write enable delay tcwo 40 ns 8 
RAS to write enable delay tRWD | a5| |. 100] 110 ns 8 


Column address to W delay time wo | 5] | 65] | mo] | os | 8 
CAS setup time (CAS-before-RAS cycle) tcsr | tof =| 10 10 ns 


CAS hold time(CAS-before-RAS refresh) tCHR 15 15 ns 
| RAS precharge to CAS hold time 5 (eee ae eee ae ns 

CAS precharge time (C-B-R counter test) tcPT 25 | 30 ns | 
ee 7 all : a 
[Aocess time from CAS precharge | toe 35 40 45 | ns 3 
| Fast page mode cycle time tPc 45 50 ns 

CAS precharge time(Fast page mode) . tcp a 0 | 10 ns | 

RAS hold time from CAS precharge tRHCP 40| 45 ns 

Fast page mode read-modify-write tPRWC 95 100 ns 

Petre lt 

RAS pulse width(Fast Page Mode) tRASP 200,000 70; 200,000 80 | 200,000 ns 

Write command set-up time (test mode in) twTs 10 10 ns 

Write command hold time (test mode in) twtH 10 | 10 ns 

W to RAS precharge time(C-B-R refresh) twrRP 10 10 ns 
lw to RAS hold time(C-B-R refresh) tWRH 10 10 ns I 
| RAS hold time referenced to OE tROH 20 20 ns 

OE access time tOEA 15 | 20 20 | ns 

OE to data delay toED 20 20 ns 

Output buffer turn off delay time from OF tOEz 15 0 20 0 20 | ns 

OE command hold time tOEH 20 20 ns 

RAS pulse with(C-B-R self refresh) {RASS | my 100 US 13 
Lag precharge time (C-B-R self refresh) trPs 130 150 ns | 13 

CAS hold time (C-B-R seff refesh) tcHs -50 -50 ns 13 
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TEST MODE CYCLE (Note.12) 


| a ae ee ee a 
symre'| Min | Max | Min [Max | Min [Max 
Random read or write cycle time tre | 115 135 | sf ts] ons | 
tewe_| 160 to] {ato} fs | 


Access time from RAS tRAC 
Access time from CAS 
Access time from column address 


CAS hold time 


Column address to RAS lead time 


CAS to write enable delay 
RAS to write enable delay tRWD 
Colurnn address to W delay time taWD 


Fast mode cycle time 


Fast page mode read-modefy-write 
RAS pulse width(Fast page mode) 


BI 

=> 

io} 

a 

= 

3 

D 

5 

wn 

2 

for) 

ple] 

HH 
= | 90 


Kenesine 
ca 


OE to data delay 


| 20| 
OE command hold time tOEH | 20; | TY 


NOTES 
1. An initial pause of 200us is required after power- the cycle is an early write cycle and the data out- 
up followed by and 8 CBR or ROR cycles before put will remain high impedance for the duration of 
proper device operation is achieved. the cycle. If tcowo>tcewo(min), tawo2tawo(min) and 
2. Vin(min) and V\(max) are reference levels for meas- _  tawo2tawn(min), then the cycle is a read-write cycle 
uring timing of input signals. Transition times are and the data output will contain the data read from 
measured between Vin(min) and Vi(max) and are the selected address. If neither of the above con- 
assumed to be 5ns for all inputs. ditions are satisfied, the condition of the data out 
3. Measured with a load equivalent to 1TTL load and is indeterminate. 
100pF, and Voh=2.0V, Vol=0.8V 9. Either tach or tary must be satisfied for a read 
4. Operation within the tacp(max) limit: insures that cycle. 
trac(max) can be met. trcp(max) is specified as a 10. These parameters are referenced to the CAS lead- 
reference point only. If taco is greater than the ing edge in early write cycles and to the W leading 
specified taco(max) limit, then access time is con- edge in read-write cycles. 
trolled exclusively by tcac. 11. Operation within the trap(max) limit insures that 
5. Assumes that tacp> trcp(max). trac(max) can be met. tran(max) is specified as a . 
6. tar, twor, tour are referenced to trap(max). reference point only. If tran is greater than the 
7. This parameter defines the time at which the out- specified trap(max) limit, then access time is con- 
put achieves the open circuit condition and is not ‘trolled by taa. : 
referenced to Vox or Vo. 12. These specifications are applied in the test mode. 
8. twcs, tawo, tewo and tawo are non restrictive operat- 13. 1024 cycle of Burst Refresh must be executed 
ing parameters. They are included in the data sheet within 16ms before and after self refresh, in order to 
as electrical characteristics only. If twos> twcs(min) meet refresh specification 
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TIMING DIAGRAMS 


READ CYCLE 
Vig— tras trp 
ane es tar 
Qe 
Vit— Yd 
wee Tas ET 
vn SUPRA FRA Sou WRI RIOR RRM) 
A Vie XOX RBBRess WX SERED WAHIAWA NIRA) 
ae tRCH , \ 
va RRR | | RRRYERERIRRURRURRE 
w OO cs ON Ouins 
TAA 


an iH#— VAVAVAVAVAVAVAVAAVAVAVAYAVAVAVATANAIAAYA YZ VAVAVAVAVAVAVAVAVAVAVATAVATAVAVAVATAlAlAlAla ar alavAls 
FE RSS SRS ORK Dp SAAXK ASS 


torr 


tRAC 


VoH— m| 
DQ1-DQ4 Ven _——— OPEN (XXX VALID DATA-OUT } 


WRITE CYCLE (EARLY WRITE) 


——— ViH— 
RAS va 
ion trcD tRSH 
— Vines tcas coal 
CAS Vi- }-—tRAD 
tasR tRaH sae tcaK —~ 
Vip— (XX “KY quali (/ VAXKXXKKKK KAKKA KKK AKAN o" 
vam Re MaoomessX//)K_cotumn aporess KAA AA KKK 
es twcH 
- Vin— YIYYVVVVVVVV0 twp “aVaVavavaVatavaVavaVavavavalavalaavavavavsva¥, 
w View YY BY YK RR 
twcr te 
a towL a onl 
as Vie— PAA AAAIVVIAIVVVVVV VYWVVYVVVVYVVVVVJVVVAVJ/VV YWVV YVVVYYVVYVVYVVVYVY 
BE RRR 
|.________ tbHR : 
tos tbH 


i Eat 
Viq— 7 sv, V, V Y YY Y YY 
. RY DON’T CARE 


ELECTRONICS 


KM44V1000C/CL/CLL 


CMOS DRAM 


TIMING DIAGRAMS (continuea) 
WRITE CYCLE (OE CONTROLLED WRITE) 


f= ~ tre 
ae tRAS — trp 
Vins tar 
RAS Vi— 
tcsH es 
sual a trop tRSH + —} 
— Vip— a8 
aoe Vit— trap a cece = 
task | |traH m RAL 
Viq— WIV = T0405 ¥,¥, Tava aaa avalaavavaVavavava¥.VaTAva av VA0,¥, 
A va~ LEXY BBBhess PK _Snness HORRY rN) 
| ee 
= Viq— VaVaVe Va VA VAV AVAVATAVAVAVAVAVAVAVAVATAVAVATAYAVA' a OK IVV VV VV VVV VV VV VV VV 
. vn SEXXXXPX KRY YAY KRKKXRX SRSA KROL S 
toeH 
ae 
ViIE~ KRIVVVUVOIVVI VV ©, Vs"aVatalaaasValsVava Va AVAlavavalaValavavaVaVaValavaVal, 
En KY KKK KKK EKKO RXR 
toH 
Vip— LA, VVVVV V/V/V VV VV VV VV VV VYVYVVYVVVY 
ao KY vauio bara AINA 


READ-MODIFY-WRITE CYCLE 


J/\/ \/ 
XY 


tcre 


SX WAX 


tRWC 
tras 
axe Mis tar 
RAS Vi 
esta 
GAS Vin— es 
Vit— \\ 
[tase 
Vip— AY ROW by .) ) PV AAAAA VAY YAAASYVAAAAAAA/YV 
, va MPR Aooress KK Rove ss _ DOI Sa ie Ao WAY 
Wi ee peti ae 
w ViH— ! A 
Vi-— | taa \ we XY 
— Vin— KXKKXKKXKKKKKXKKKKKKEY =OEA : 
OF vi XXXL ARALKYL _| os 
tcac tos 
cae — tRAC Pr ee 
ViIOH ~ X 9, 
pao, on" ANB 


: AV, VVVVYVV//VYVVV 
Roan IKK 


. i DON’T CARE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ CYCLE 


tap 
tras — ace SS 

RAS a N tan 

Vit— 

tcrp 

CAS se 

Vit— 

tRAH aS tCAH tasol | 
tasR i ae 

Vit oN F ROWS KY) COLUMN AX XXX COLUMN AAR YRS +4 us IXXXXX XXA/ 
, Vi ORM ADD IRRYML REDRESS YY aooress AMXAYR A aooness RXR KX) 

we] [el Ee oT 

IH— VV VV YAAgd YJ = Verve"s a, 
w Vee ORY ) | NES 
= Vin-— YYYVVVVYVY VY vay, AV/ ‘rYY YY VYVY) YYYVVYVYVJ/VYYV 
OE Va | RON | AER IN | RRR 
Eas toFF 
so Pl 
soso, — Ea} Qa Cia) 
eae VoL—- LYN DATA-OUT, DATA-OUT CYA DATA-OUT 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


trRasp 

mt 
CAS Vin- A 
CAS M ‘a N tcas f 

Vin— Y Vara’, q, vA", : veal, 
A ve RO Re FR coun WRARXINM CK Aspnes KY) 

re 

= ax. VaVaVaaVavala VATA’, V/IVVVV/V SA/J/VVVVVA/SY 
to RRR se — CER PE REIOS 

Vin— SOK ee eI YXKX XY S WYUVVUVY RREAAV YY BY AV VV VYYVYVYYVYVVVYVV XY YYVYVVWVYVY 
cE View RRO ORR RR ORK RRR RL KKH RC 

: tos | toH 

VIN _ TTY, OVVTVY VVa¥ Va VaVaVaVaVavatava¥, 

papas, — YAN RYN VN: 


Na DON'T CARE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ-MODIFY-WRITE 


tap 
trRasP 

RAS vi 

Vii-— 

tcsH 
tprawc tRSH 
taco tcas = 
A tcas CRP 
—— Vin tcas . 
CAS Vit— } 
tasR | 


Vin— (XK) y, YX (YY (Yi X) \/ 
. vi hao Ve RY an SE KR RRNON one ns 
+ t 
rl F aii 
Vin— Peas fl = 
w Vit—- OXY | 


Vin—- 


DQ,-DQ, VulOH — 
Viol. — 


VALID VALID VALID VALID VALID VALID KX pe LEane 
DATA-OUT _DATA-IN DATA-OUT — DATA-IN DATA-OUT DATA-IN 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE tac 
Note: W, OE=Don’t Care 


RAS ViH— 

Vit— 

Vit— YORIVAKRERRAD IV AAA RAR AAAS 
A Vin XQ ORR RRR 


DQ 1-DQ, ses () fF |\ 


CAS-BEFORE-RAS REFRESH CYCLE 


Note: OE, Address=Don’t Care 
2 pee tac 
trp tre 


RES i ~ tras 

. top torp 

Vin — _— 7 Wi, 
i KORY), 

y \/ AVA \4\/ \/ \/ 4 AVF \A\/ WA 
WT RRR RMN 
torr 
—_ WS SVS YY SVS bere 
[OO TT RD OPEN 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-ver only) 
Note: OE, Address: Don’t Care 


RAS ee ~ trass ie 
om YT Pie —_s. 
ete Vn — Cox XXX XXX KOK al 1 / XX XX XXX Wi XXXXX H 
Vii — ROOK LN£LS XO XX XX XXX QOOO}™RDKH 
VAVAVAY 1 TAvAvANAE NEE ag 
D000, yr RLY OPEN 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 


ee tac ——}- —— tro-—. 
z= Pn tras tre —-| ‘are trp 
RAS Gree tar ; 
tcrp | |}. trod | tRSH tcHR 
CHS . ’ tRaD \\ 
| tasr +4 fal iz : 
Vin— 0 “ey VA VaVAV A AvAVaVaVAVAYAVAVATAV AV AVAVAT AVA. WAVAV ATAVAVAVAVAVAVATAVAVAY! 
; wi AX FS RY soos OOOO 
, twre—| : 
tres tRRH 'WRH 
as ViH— YWYYVVV "Vs" VVVVVVV ¥ YYVYV Y/Y 
" va SOOSOOY || ARR 
= AVIV VY VW Y AAMYVVVV VV YY YY¥VVYVYV/V/ 
at KARR KKXNAXXXKXD BOSONIC 
DQ1-DQ4 


— tras 


trac 


Vin— 
RAS ; tar 
Vit— 


Pai 
trp | esa 


tras 


trRsH 
tore trep esi tcHR 


ae ViH— \ 
CAS 
Vit— trap 


tasc 
tasr tRAH 


: Vin— SAA nowt AX TOM CAV AVA AV ATAU AV AVAVAUAVATAVAVAVAVAVAVAVAVAVAVAVAVAVAY, 
va SOK ESE DN ERS KKK KR RK KKK 
. | twces — LL twor —+ twee mg 
Ww Vie JAAAKAKAXAA. OVS AAI AANA AAANAAAAAAIINAKAI 
i RRR AYyy RR KK 
; | | 
sr, ViH— VA AW TATA AY AW AW AW AW AW AV AWAW AV AVAWAY V/ VAVAV AAV AV AV AV AV AV AV AV AW AC) \/ WAV AVAVAVAVAaV, 
OE Vem RRR RR 
Vin— VV“) TV AV AV AV AV AW AV AWAY, YVVY WALA/Y Y/Y VY 
neg me CNS. CR RR RRR 
XX DON’T CARE 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


trap 


RAS Vin~- tRas 


tc 
i tcHR tcp tRSH 


Vin— 


S| 
>| 
a 

o 

> 

n 
ot —_,.~ 
a S 


| | = 

mT AIR ~ QIK KK mae 
READ ees — [Es | " 

wT OY el Bac wane ee i nD RBR 

mT RR : i | shor in 


ne 


a wen 
WRITE CYCLE aig ee 
a Iq#— xX) \/ VY 
wW vee XY at CEE OY 1 __Bionbonnnoos Went 
pone Vip— "Y (XY (XXK KKK KK a7 (YY (KK YY YX) \) XX KK X) V/V 
ce _ eeseensnsesetanstelelaetanais EE OY xX Yen 
|| 
Vip— VWA7 \AMV/V NYY xX) COOK V/ 
Pardo vi KY IT GE ROOM 
READ-MODIFY-WRITE FI ‘du te 
Vin— XX) OO) y— 05000 XX) YY (y) eile: ~ ig YX (XX) (X) XXX) 
we A OY — RK 
FE KR) | 
vag, Yor ae KEE OI 


VALID 
DATA-OUT 


Nang, DON’T CARE 
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TIMING DIAGRAMS (continueq) 
TEST MODE IN CYCLE 
NOTE: OE, Address=Don’t Care 
tre 
tras trp 


RAS 


Viq— trpc 
Vit— 
top tcsr 
aaa ia ld 
pane ViH— 
CAS 
Vit— 
twTH 
ViH— XYXKXKKKXKK? 
Ww 
va KR 
torr 
Es 
DQ;-Da. ViOH — ) 
VuoL — 


TEST MODE DESCRIPTION 


_ The KM44V1000C/CL/CSL is the RAM organized 1, 
048,576 words by 4 bit internally organized 524,288 
words by 8 bits. In "Test Mode", data are written into 8 
sectors in parallel and retrieved the same way. Column 
address bit Ao is not used. If, upon reading, two bits on 
one !/O pin are equal (all "1" or "O"s) the I/O pin 
indicates a "1". If they were not equal, the I/O pin 
would indicate a "0". In "Test Mode", the 1M x 4 DRAM 


(XX KKK KK LEKKI KERK KKK) 
AML RRR LY 


WY 


aso 


+4 
AY 


x) XX 
YY 


KX KX) VV 
Wn 


LUAU CNA UAH 


+4 
VATA atararecercarararararecarerarereroes 


OPEN 


xX] DON’T CARE 


can be tested as if it were a 512K x 4 DRAM. W, CAS- 
Before-RAS Cycle (Test Mode in Cycle) puts the device 
into "Test Mode", And "CAS-Before-RAS Refresh 
Cycle" or "RAS-only-Refresh Cycle" puts it back into 
"Normal Mode". During the test mode operation, a 

. WCBR cycle is used to perform refresh. The "Test 
Mode" function reduces test time (1/2 in cases of N 
test pattern.) 
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DEVICE OPERATION 

The KM44V1000C/CL/CLL contains 4,194,304 memory 
locations. Twenty address bits are required to address 
a particular 4-bit word in the memory array. Since the 
KM44V1000C/CL/CLL has only 10 address input pins, 
time multiplexed addressing is used to input 10 row (Ao- 
Ag) and 10 column (Ao-As) addresses. The multiplexing 
is controlled by the timing relationship between the row 
address strobe (RAS), the column adress strobe(CAS), 
and the valid row and column address inputs. 


Operating of the KM44V1000C/CL/CLL begins by 
strobing in valid row address with RAS while CAS 
remains high. Then the address on the 10 address 
input pins (Ao-As) is changed from a row address to a 
column address and is strobed in by CAS. This is the 
beginning of any KM44V1000C/CL/CLL cycle in which 
a memory location is accessed. The specific type of 
cycle is determined by the state of the write enable pin 
and various timing relationships. The cycle is terminat- 
ed when both RAS and CAS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time 
(tRP) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tRAs(min) and tcas(min) respecitively. These mini- 
mum pulse widths must be satisfied for proper device 
operation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to satisfy- 
ing the minimum RAS and CAS pulse widths. In addi- 
tion, a new cycle must not begin until the minimum RAS 
precharge time, tap, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM44V1000C/CL/CLL begin a complex sequence of 
events. If the sequence is broken by violating minimum 
timing requirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining the write 
enable input (W) high during a RAS/CAS cycle. The 
access time is normally specified with respect to the 
falling edge of RAS. But the access time also depends 
“on the falling edge of CAS and on the valid column 
address transition. 


If CAS goes low before tRcp(max) and if the column 
address is valid befor tRac(max), then the access time 
to valid data is specified by trac(min). However, if CAS 
goes low after tRcp(max), or if the column address 
bicomes valid after trap (max), access is specified by 
tcac Or taa. In order to achieve the minimum access time, 
trac(min), it is necessary to meet both trcp(max) and 
tran(max). The KM44V1000C/CL/CLL has common data 


/O pins 

The this reason an output enable control input (OE) has 
been provided so the output buffer can be precisely 
controlled. For data to appear at the output, OE must 
be low for the period of time defined by toes and toez. 


Write 

The KM44V1000C/CL/CLL can perform early write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W, OE 
and CAS. in any type of write cycle, Data-in must be 
valid at or before the falling edge of W or CAS, 
whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The data at the data input pins 
is written into the addressed memory cells. Throughout 
the early write cycle the output remains in the Hi-Z 
state. In the early cycle the output buffers remain in the 
three state regardless of the state of the OE input. 


Read-Modify-Write: In this cycle, valid data from the 
addressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W tow after 
CAS and meeting the data sheet read-modify-write 
cycle timing requirements. This cycle requires using a 
separate I/O to avoid bus contention. 


Late Write: If W is brought low after CAS, a late write 
cycle will occur, The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tawo, tcwo and tawo, are not necessarily met. — 
The state of date-out is indeterminate since the output 
can be either Hi-Z or contain datd depending on the 
timing conditions. This cycle requires a separate I/O to 
avoid bus contention. 


Data Output 

The KM44V1000C/CL/CLL has three-state output 
buffer which are controlled by CAS and OE. Whenever 
CAS and OE are high(Vin), the outputs is in the high 
impedance state. In any cycle in which valid data 
appears at the output the output goes into the low 
impedance state in a time specified by tciz after the 
falling edge of CAS, Invalid data may be present at the 
output during the time after tc.z and before the valid 
data appears at the output. The timing parameters tcac, 
trac and taa Specify when the valid data will be present 
at the output. The valid data remains at the output untill 
CAS returns high. This is true even if anew RAS cycle 
occurs (as in hidden refresh). Each of the 
KM44V1000C/CL/CLL operating cycles is listed below 
after the corresponding output state produced by the 


oe” 
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DEVICE OPERATION Continued) 


cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast rage Mode 
Read-Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-before-RAS Refresh, OE con- 
- trolled write. 


Indeterminate Output State: Delayed vvtite(iote or tRwD 
are not met) 


Refresh 

The data in the KM44V1000C/CL/CLL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To maintain 
data integrity it is necessary to refresh each of the rows 
every 16 (L,LL-ver:128ms). There are several ways to 
accomplish this. 


RAS-Only Refresh: This is the most common method 
for performing refresh. It is performed by strobing in a 
row address with RAS while CAS remains high. This 
cycle must be repeated for each row. 


CAS-before-RAS Refresh: The KM44V1000C/CL/CLL 
has CAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CAS is held low for the specified set up time (tcsr) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 


occurs. The refresh address is supplied by the on-chip | 


refresh address counter which is then internally incre- 
mented in preparation for the next CAS-before-RAS 
refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be per- 
formed while maintaining the latest valid data at the 
output by extending the CAS active time and cycling 
RAS. The KM44V1000C/CL/CLL hidden refresh cycle 
is actually a. CAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is provid- 
ed by the on-chip refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
’ KM44V1000C/CL/CLL by using read, write or read- 
modify-write cycles. Whenever a row is accessed, all 
the cells in that row are automatically refreshed. There 


are certain applications in which it might be advanta- — 


geous to perform refresh in this manner but in general 
RAS-only or CAS- before- RAS refresh is the preferred 
method. 


Fast Page Mode 


Fast page mode provides high speed read, write or 
read-modify-write access to all memory cells within a 
selected row. These cycles may be mixed in any order. 
A fast page mode cycle begins with a normal cycle. 
Then, while RAS is kept low to maintain the CAS is 
cycled to strobe in additional column addresses. This 
eliminates the time requried to set up and strobe 
sequential row addresses for the same page. 


CAS-before-RAS Refresh Counter Test Cycle 
A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of ver- 
ifying the functionality of the CAS-before-RAS refresh 
activated circuitry. 


After the CAS-before-RAS refresh operation, is CAS 
goes high and then low again while RAS is held low, 
the read and write operations are enabled. 


This is shown in the CAS-before-RAS counter test 
cycle timingy diagram. A memory cell can be 
addressed with 10 row address bits and 10 column 
address bits defined as follows: 


Row Adaress- Bits Ao through Ag are supplied by the 


_ on-chip refresh counter. 


Column Address-Bits Ao through Ag are supplied -in by 
the falling edge of CAS as in a normal memory cycle. 


Suggested CAS-before-RAS counter 
Test Procedure 
The CAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 


1. Initialize the internal refresh counter by perfoming 8 
CAS-before-RAS cycles. 


‘2, Write a test pattern of “lows” into the memory cells 


at a single column address and 1024 row address. 
(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycles, red the “lows” writ- 
ten during step 2 and write “highs” into the same 
memory locations. Perform this step 1024 times so. 
that highs are written into the 1024 memory cells. 

4. Read the “highs” written during step 3. : 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


Power-up 
If RAS=Vss during power-up, the KM44V1 000C/CL/CLL 
could possibly begin an active cycle. This condition 


results in higher than necessary current demands from 
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the power supply during power-up. It is recommended 
that RAS and CAS track with Vcc during power-up or 
be held at a valid Vin in order to minimize the power-up 
current. 

An initial pause of 200 “sec is required after power-up 
followed by 8 initialization cycles before proper device 
operation is assured. Eight initialization cycles are also 
required after any 16 msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 


Termination 


The lines from the TTL driver circuits to the . 


KM44V1000C/CL/CLL inputs act like unterminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
temination may be used,series temination is generally 
recommended since it is simple and draws no addition- 
al power. It consists of a resistor in series with the input 
line placed close to the KM44V1000C/CL/CLL input pin. 
The optimum value depends on the board layout. It 
must be determined experimentally and is usually in the 
range of 20 to 40 ohms. 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching transient 
effects are minimized. The recommended methods are 
gridded power and ground lines or separate power and 
ground planes. The power and ground lines act like 


PACKAGE DIMENSIONS 


20-LEAD PLASTIC DUAL IN-LINE PACKAGE 


0.962 (24.43) 


transmission lines to the high frequency transients gen- 
erated by DRAMS. The impedance is minimized if all 
the power supply traces to all the DRAMS run both hor- 
izontally and vertically and are connected at each inter- 
section or better yet if power and ground planes are 
used. 


Decoupling 

The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage 
droop on the Vcc line can cause loss of data integrity 
(soft errors). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voltage 
(measured at the device pins) should not exceed 
500mv. 


A high frequency 0.1 «F ceramic decoupling capacitor 
should be connected between the Vcc and ground pins 
of each KM44V1000C/CL/CLL using the shortest possi- 


ble traces. These capacitors act as a low impedance © 


shunt for the high frequency switching transients gener- 
ated by the KM44V1000C/CL/CLL and they sypply 
much of the current used by the KM44V1000C/CL/CLL 
during cycling. 


In anddition, a large tantalum capacitor with a value of 
47uF to 100%Fshould be used for bulk decoupling to 
recharge the 0.1“F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling capaci- 
tor meet the power grid or power plane. Even better 
results may be achieved by distributing more than one 
tantalum capacitor around the memory array. 


Units: Inches (Millimeters) 


0.972 (24.69) 


0° — 10° 


a 


0.293 (7.44) 
300 (7.62) 
0.325 (8.26) 


0.279 (7.08) 


0.135 (0.43) 


0.145 (3.68) 


[hs 


0.015 (0.38) 


MIN 
0.009 (0.23) 


0.013 (0.33) 


0.100 (2.54) 
TYP 


a” 
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Bi | 0.016 0.41) i! 0.035 (0.89) 
"9.024 (0.61) 0.055 (1.40) 


0.183 (4.65) 
MAX 


0.115 (2.92) 
MIN 


Q.050 (1.27) 
MAX 
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PACKAGE DIMENSIONS continued) 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 


Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 


0.012 (0.30) 


0.340 (8.64) 
0.008 (0.20) 


0.295 (7.49) 
0.305 (7.75) 


0.128 (3.25) 
0.145 (3.68) 


0.113(2.87) 
0.120(3.05) 


o|= eae 
Nw 2 
©} 00 ™ 
“APA 3 
2 - 
SKY) = 
| 6 S 
oR To) t+ 

° 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 
0.009(0.23) 


1.025(26.04) 
1.035(26.29) 
0.013(0.33) 


0.016(0.41) | i : 0.050(1.27) 0.050(1.27) 0.100(2.54) | 0.100(2.54) 
0.024(0.61) TYP MAX MIN TYP 
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PACKAGE DIMENSIONS (Continued) 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (uy (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.03 (0.80) 


0.367 (9.32) 


0.359 (9.12) 


0.324(8.22) 


| 
| 
| 
| 
| 
| 
l 
| 
| 
0.298 rsn_| 
0.302 (7.67) 


OOOO aS 
o|N 
0.671 (17.04) ole 
Ojt 
0.679 (17.24) 9 |6 ’ 
2 0.005 (0.13) 
0.008 (0.20) 


fay 0.003 (0.08) qf Se) ot ey 


0.048 (1.22) Z L 0.012 (0.30) 
0.052 (1.32) 0.020 (0.50) 


0.016 corso) || 40) 
a es al (0.60) 
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1M x4 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES | GENERAL DESCRIPTION 


* Performance range: The Samsung KM44V1004C/CL/CLL is a CMOS high 
speed 1,048,576x4 Dynamic Random. Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 

The KM44V1004C/CL/CLL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 


* Fast Page Mode with extended data out refresh capability provides on-chip auto refresh as an 
+ Self refresh operation (LL-ver.) alternative to RAS-only refresh. All inputs and outputs 
+ CAS-before-RAS refresh capability are fully TTL compatible. 

« RAS-only and hidden refresh capability The KM44V1004C/CL/CLL is fabricated using 
+ Fast parallel test mode capability Samsung's advanced CMOS process. 


¢ TTL compatible inputs and outputs 
¢ Early write or output enable controlied write 
¢ Single +3.3V+0.3V power supply 
* 1024 cycles/16ms refresh (Normal) 
¢ 1024 cycles/128ms refresh (L/LL-ver)} 
* Power dissipation 
- Standby : 3.6mW(Normal) 
0.36mW(L-ver) 
0.36mW(LL-ver) 
- Active(60/70/80) : 220/200/180mW 
¢ JEDEC standard pinout 
¢ Available in plastic DIP, SOJ, ZIP and TSOP(II) 


FUNCTIONAL BLOCK DIAGRAM 


Bee CONTROL & 
Hae = CLOCK 
WwW 


REFRESH CONTROL & 
a ADDRESS COUNTER 


COLUMN DECODER 


"a 


SENSE AMPS & 1/O 


“Ao 


MEMORY ARRAY 
1,048,576 x 4 CELLS 


ADDRESS BUFFERS 
ROW DECODER 


Ag 
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PIN CONFIGURATION (Top Views) 


+ KM44V1004CP/CLP/CLLP + KM44V1004CJ/CLJ/CLLJ * KM44V1004CZ/CLZ/CLLZ 


* KM44V1004CT/CLT/CLLT * KM44V1004CTR/CLTR/CLLTR 


Pin Names Pin Function 


Ao-Ag Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 
| W Read/Write Input 


Le) 
mi 
wea 


Data Output Enable 
DQi~DQ4 | Data In/Data Out 
Power (+3.3V) 
Ground 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 


* 


Voltage on Any Pin Relative to Vss 


Voltage on Vpp Supply Relative to Vss 


Storage Temperature 
Power Dissipation 
Short Circuit Output Current 


Rating Units 


[pan aw 
mA 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=0 to 70°C) 


Parameter — 


Typ Max 


Supply Voltage 3.0 
Ground 0 


Input High Voltage 
Input Low Voltage 


2.0 Vop + 0.3 
-0.3 — 0.8 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


«a? 


ELECTRONICS 


| Gpaiating Coneet KM44V1004C/CL/CLL-6 
(RAS and CAS Cycling @trc=min.) . aia, ah 
‘ein KM44V1004C 
AS-CnS evi KM44V1004CL loce 
ora KM44V1004CLL 
ay ‘ KM44V1004C/CL/CLL-6 
pee fine KW44V1004C/CLICLL-7 loca 
(CAS=ViH, RAS Cycling @trc=min.) KM44V1004C/CL/CLL-8 
‘“ KM44V1004C/CL/CLL-6 
pcg ol | , KM44V1 004C/CLICLL-7 loca 
(RAS=Vi, CAS, Address Cycling @tec=min.) KM44V1004C/CLICLL-8 
KM44V1004C 1 
FAS_CAS_Vo-0 oy KM44V1004CL loos 100 | pA 
eerie j KM44V1004CLL 100 HA 
CAS-Before-RAS Refresh Current” Kia iODACIOUOLL? | Ieee 55 i 
(RAS and CAS Cycling @trc=min.) KM44V1004C/CL/CLL-8 50 rah 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (Vin)=Vpp-0.2V 
Input Low Voltage (Vi)=0.2V KM44V1004CL Icc7 200 LA 
CAS=CAS-Before-RAS Cycling or 0.2V 
DQ1~DQ4=Don't Care tac=125us tras=tras min.~300ns _ 
Self Refresh Current 
RAS=CAS=ViL 
WeOE=Ao-As=Vop-0.2V or 0.2V KM44V1004CLL Iccs 150 BA 
DQ1~DQ4=Vpp-0.2V, 0.2V or Open , 
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KM44V1004C/CL/CLL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted.) 


Parameter Symbol; Min | Max | Units 
ee erent hl eA Coa Macca 
Input Leakage Current ln) 10 10 a 


(Any input O< Vin <VpD+0.3V, all other pins not under test=0 volts.) 
- 


Output Leakage Current 

(Data out is disabled, OV <VouT<Vpp) low) ue | ” oe 
| 

Output High Voltage Level (loH=-2mA) VOH 2.4 i Vv 

Output Low Voltage Level (loL=2mA) VoL - 0.4 V 


“NOTE: Icc1, Icc3, Icc4 and Icceé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=Vi. In Icca, Address can be changed maximum once within one Hyper Page cycle. 


CAPACITANCE (1a=25°c, Vop=3.3V, f=1MHz)) 


Input Capacitance (Ac~Ag) 
Input Capacitance (RAS, CAS, OE) 
Output Capacitance (DQi~DQs4) 


AC CHARACTERISTICS (0°c<tTa<70°C, Vo=3.3V +0.3V, See notes 1,2) 
Test Condition : ViH/ViL=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 


Parameter 
Random read or write cycle time 
Read-modify-write cycle time tRWC 
Access time from RAS tRAC 3,4,11 
Access time from CAS tCac 15 20 20| ns | 3,4,5 
Access time from column address tAA 30 35 40| ns 3,11 
CAS to output in Low-Z tcLz 3 3 ns 3 
OE to output in Low-Z tolz 3 3 | ns 3 
Output buffer turn-off delay from CAS | teez 15 3 20 3 [ 20; ns | 7,14,15 
Transition time (rise and fall) tt 50 2 50 2 50} ns 2 
RAS precharge time tRP 50 60; . ns 
RAS pulse width tRAS 70 10K | 80 10K | ns 
RAS hold time tRSH 20 20 ns 
CAS hold time | tesH 60 70 | ns 
CAS pulse width tcas 10K; 20 10K | ns | 16 
RAS to CAS delay time tRCD 20 60| ns 4 | 
RAS to column address delay time tRAD 15 40 | ns 11 
CAS to RAS precharge time 


ea a = 


ELECTRONICS 


KM44V1004C/CL/CLL 


CMOS DRAM 


AC CHARACTERISTICS (continues) 


a 


Row address set-up time 0 ns — 
Row address hold time tRAH 10 4 10 ns 
Column address set-up time tasc 0 0 0 ns po 
Column address hold time tCAH 10 15 15 ns 
Column address hold time referenced to RAS taR » 45 55 60 2 6 
Column address to RAS lead time tRAL 30 35 40 
Read command set-up time tRCS 0 0 ns 
Read command hold time referenced to CAS tRCH 0 ns 9 
Read command hold time referenced to RAS tRRH 0 0 ns 9 
Write command hold time tWCH 10 15 15 ns 
Write command hold time referenced to RAS twcr 45 55 60 ns 6 
Write command pulse width twp 10 15 15 ns 
Write command to RAS lead time tRWL 15 20 20 ns 
Write command to CAS lead time tCWwL 10 15 20 ns 
Data set-up time tps 0 ns 10 

| Data hold time {DH 15 ns 10 
Data hold time referenced to RAS tDHR 60 ns 6 
Refresh period (Normal) tREF 16 16[ ms | | 
Refresh period (L-ver & LL-ver) tREF 128 128| ms 
Write command set-up time twcs 0} ns 8 
CAS to W delay time tcwD 50 ns | - 8 
RAS to W delay time trwD 110 ns 8 
Column address to W delay time tawD 70 ns | o8 | 
CAS precharge to W delay time tcPwD 75 ns 
CAS set-up time (CAS-before-RAS refresh) iCsR ° 10 ns 
CAS hold time (CAS-before-RAS refresh) tCHR 15. Ss ns 
RAS to CAS precharge time | tRPC 10 ns 
CAS precharge time (C-B-R counter test cycle) tcPT | 30 ns 
Access time from CAS precharge tCPA 40 { 45) ns S=— | 
Hyper Page cycle time tHPC 34 | ns 16 
Hyper Page read-modify-write cycle time tHPRWC 98 ns 
CAS precharge time (Hyper Page cycle) tcp 10 ns 
RAS pulse width (Hyper Page cycle) tRASP 200K} 80} 200K ns 
RAS hold time from CAS precharge tRHCP 45 “| ons 
OE access time tOEA 20 | 20) ns 
OE to data delay tOED 20 + ons 
Output buffer turn off delay time from OE | toEz 20 3 20) ns 7,14 
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AC CHARACTERISTICS (Continued) 


Parameter Symbol 
Min | Max Min | Max Min | Max 


OE commend hold time 

W to RAS precharge time (C-B-R refresh) | twrp 
W to RAS hold time (C-B-R refresh) 

Output data hold time 

Output buffer turn off delay form RAS 

Output buffer turn off delay form W 

W to data delay 

OE to CAS hold time 

CAS hold time to OE 

OE precharge time 


W pulse width (Hyper Page Cycle) 

RAS pulse width (C-B-R self refresh) 
RAS precharge time (C-B-R self refresh) 
CAS hold time (C-B-R self refresh) 


TEST MODE CYCLE (Note.12) 
6 -7 -8 
Parameter Symbol Units | Notes 

Random read or write cycle time tRC 135 155 ns 
Read-modify-write cycle time tRWC 190 210 ns 

Access time from RAS tRAC 65 75 85| ns | 3,4,11 
Access time from CAS tCAC 20 20 25 

Access time from column address tAA 35 40 45 

RAS pulse width tRAS 10,000} .75| 10,000} 85] 10,000 

CAS pulse width . tCAS 10,000; .20! 10,000 20 | 10,000 

RAS hold time __|_tRSH 25 25 ns 

CAS hold time tCSH 65 70 ns 

Column address to RAS lead time tRAL 40 45 ns 

CAS to W delay time tcwo 55 55 ns 8 
RAS to W delay time tRWD 105 115 ns 8 
Column address to W delay time tAwD 70 75 ns 8 
Hyper Page mode cycle time it tHPC 34 | 39 ns 16 
Hyper Page mode read-modify-write cycle time tHPRWC 93 | ~ | 103 ns 

RAS pulse width (Hyper Page Mode) . tRASP 65 | 200,000} 75! 200,000) 85) 200,000) ns 


a | ~ 
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CMOS DRAM 


TEST MODE CYCLE continued) 


Access time from CAS precharge 


Parameter 


OE access time 


OE to data delay 


OE command hold time 


NOTES 


—_— 


. An initial pause of 200s is required after power-up 


followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 


. Vin(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs except tHPpc and 
tHPRWC. 


. Measured with a load equivalent to 1TTL load and 


100pF. 


. Operation within the trcp(max) limit insures that 


trRac(max) can be met. tRcp(max) is specified as a 
reference point only. If trcp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 

Assumes that trcb > trRcb (max). 

tar, twcr, tbHR are referenced to tRAD(max). 

This parameter defines the time at which the 
output achieves the open circuit. condition and is 
not referenced to VoH or VOL. 


. twcs, tRwpo, tcwo and tawpd are non restrictive 


operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs 
>twcs(min) the cycles is an early write cycle and 
the data output will remain high impedance for the 
duration of the cycle. If tcowp>tcwo(min), tawo> 
tRwp(min) and tawo > tawo(min), then the cycle is a 


ead-write cycle and the data output will contain 


the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


10. 


11. 


12. 
13. 


14. 


15. 


16. 
17. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the tRap(max) limit insures that 
tRAc(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the 
specified tRap(max) limit, then access time is 
controlled by taa. : 

These specifications are applied in the test mode. 
In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

tCEz(max), tREz(max), twez(max) and toez(max) 
define the time at which the output achieves the 
open circuit condition and are not referenced to 
output voltage level. 

If RAS goes to high before CAS high going, the 
open circuit condition of the output is achieved by 
CAS high going. If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going. , 

tasc = tcp min, Assumn tr=2.0ns 

1024 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification.(LL-ver.) 
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TIMING DIAGRAMS 
READ CYCLE 


S| 


DQ,-DQ, 


tras be tap 

ee =! —— 
ROC Rs [is SON BSS CE ICAL ALALAON 
trcs 


ie 


1. — RK RN ERR 


toez 
t 


RAC 
_——— OPEN CK X) VALID DATA-OUT 
Vor— Xx) ‘ , 


Ku DON’T CARE 
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TIMING DIAGRAMS (continued) 
WRITE CYCLE (EARLY CYCLE) 


= a Ss 
aa oes 


Vic 


Pa poe 
mT ROK ants | Ot Se Pe OY eee S TROON 
PRR =" an IY 


— trwi 


S| 


er ee a OY 


See NUN: RAEELED ON 
tour 


WRITE CYCLE (OE CONTROLLED WRITE) 


tac 


t 
tras 26 


os t 
RAS 7 i 
torp 


a = SS 
o Wy NOE TY 7 


tasr tasc 
traH 


ve — ROOK acs DOOM S55 COICO I) 


traL— 


> 


Vie =~ vy, VV VAVAY, twe mal VV XX 
ce SAY Ny OG 


tow. 


=| 


tawe 


oe SOIR ce cot ROKK ne ANN 
ra RK vauw ram DRS RIKKI 


KY DON'T CARE 
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TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 


Vin 
RAS en 
tore 
V X\ A 
1H 
CAS Vit — uy tasr 


| 
We = DOE POM PDK, cot mn PRS CCI RIC 


tawp tawe 
i tcwo tow 


N esc 


=| 
<< 
mo = 
1 


asx Viw Wi V 
Fr RIT 


t 
trac os 


ees | xy | om 
panes 4) ‘ CN DATAIN 
: t 


Ciz 


HYPER PAGE READ CYCLE 
tRASP tRP 
AKG oe a is tRHCP 


ieee ij tHPC tHPC 
_ an = — se 
es, ViH_ — (\) us ios tCAS 
CAS vi — AZ —_ a 
tCsH = 
tCAH tREZ 
L__| 


tASR 
VIH — OO Her otar eos ee 


) +4 


TAR) COLUMN KAT COLUMN WO Sha COM cole KX XY 
Peel ET! IT TT Ee 


» OOO | ree 


S| 


ce SOOO 7 AX 
| J 
( 


ae tRAC tOEZ 


VoH — VALID 
DOE Ven ss ON DATA OUT, X) Lert RX 2 PU ? 
“ , ue VALID 
DATA OUT 
hog Don't Care 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE iT EDO WRITE CYCLE (EARLY WRITE) 


trasp trp 


RAS 7 tar 


torp tec tec 


pre i : a = ALY ai tcas ig i tcas | A / 
ie 


(9) 
OO 


tasr a a a fe Hd say | 
Vi — IX Lee Ly VV | VV —_ VAVAVAY, 
Sy PK BRE DR SSB DRS SaaS DRI SSantls DSSS 


CX YS. ADDRESS 
ae MS VY VVVYVY i ei YY i VYYYV 
Fe KT CONT LOT NS 
tow LL | : i 
a RWL 
cy cen cose ee 


ton 


mora TT SSE catty DESK oti DAK ott DSK 


tour 


. FAST PAGE MSDE WITH EDO READ-MODIFY-WRITE CYCLE 
7 trasp 
RAS ieee tar a 
tore 
{cas tcas 
Nez V/ 
7 


° 
a 
< 
= 
| 
eS, 


Va —® — eee LH ee 
DAI LOO IN OOo 


a 
VAA\/ 
° Vii — » Hs Xi OK Te QOK RK OK 
trap 
aie — 
RS J 


— 
ee 


ee — TN 
tawo 
eal g 
: Eo ile 
oe : > 
Lo 
taa 
toga | E ee tox 
tcac 
pao, Yor Oxi EKKO 


| 


D » NN << XX) » 
Viiot — : ‘ h Vy o ROKKKKX LY 
see VALID VALID terz VALID VALID 
DATA-OUT DATA-IN DATA-OUT DATA-IN 


RY DON’T CARE 
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PAGE WITH EDO READ AND WRITE MIXED CYCLE 


rae rand 
Vin — READ(tCAC) H READ(tCPA) WRITE i READ(tAA) 
RAS v : 1 y 
_l— 1 i 1 
tHPC 
— ViH — 
CAS tcas 
Vit ~— 
IS [ss i 
A - WHO ON bee COLUMN fi ee Oe ke ro en 
Vex ‘ la nee ot) one 
vl =e, acs 
4 Vip — 
W 
Vir — oe rt 
ViH — \/ J 
OE OOO XN le 
Vi — /\ 
toca |__- 
-tcac 
TAA 
tRAC 
VvOH — tA VALID VALID Pe t\A VALID 
DQi~DQa XX ae ‘Eau ) A Y 
Wo. — TW DATA-OUT A DATA. ee ae IN DATA-OUT, 
tCLz 


KY Don't Care 
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TIMING DIAGRAMS (continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 


Vin => 


v. — WK scott PRS SIND 


> 


CAS-BEFORE-RAS REFRESH CYCLE 
Note: OE, Address=Don't Care 


tap ee el ee troe— 


Va — torr VYVVVVYVV VY 
ww UN OOO 
ee OO NSO 
2.00 OY oe 


KY DON'T CARE 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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tre 
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HYPER PAGE READ CYCLE 


tRASP -—~ kK tRP 
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RAS ViL — tAR 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE tae 


a MA RRRX XV? lee YKYKW Ce 
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TIMING DIAGRAMS £<continueg) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 


Vi — 


Vi — 


twrH 


Fe ERS 
DQ;-DQ, en ' 


TEST MODE DESCRIPTION 


The KM44V1004C/CL/CLL is the RAM organized 1, 
048,576 words by 4 bit, it is internally organized 524, 
288 words by 8 bits. In "Test Mode", data are written 


into 8 sectors in parallel and retrieved the same way. — 


Column address bit Ao is not used. If, upon reading, two 
bits on one I/O pin are equal (all "1"s or "O"s) the I/O pin 
indicates a "1". If they were not equal, the I/O pin would 


tras 


AK 


L\L\ ZN 


OPEN - 


Ro DON’T CARE 


indicate a "0". In "Test Mode", the 1M x 4 DRAM can be 
tested as if it were a 512K x 4 DRAM. W, CAS-BEFORE- 
RAS Cycle (Test Mode in Cycle) puts the device into 
"Test Mode". And "CAS-BEFORE-RAS REFRESH 
CYCLE" or "RAS-only Refresh Cycle" puts it back into 
"Normal Mode". The "Test Mode" function reduces test 
time (1/2 in cases of N test pattern). 
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DEVICE OPERATION 


The KM44V1004C/CL/CLL contains 4,194,304 memory 
locations. Twenty address bit are required to address a 


particular 4-bit word in the memory array. Since the - 


KM44V1004C/CL/CLL has only 10 address input pins, 
time multiplexed addressing is used to input 10 row 
(Ao~As) and 10 column(Ao~Ag) address. The multiplexing 
is controlled by the timing relationship between the row 


address strobe(RAS), the column address strobe(CAS), 
and the valid row and column address inputs. 


Operating of the KM44V1004C/CL/CLL begins by 
strobing in a valid row address with RAS while CAS 
remains high. Then the address on the 10 address input 
pins(Ao~Ag) is changed from a row address to a column 
address and is strobed in by CAS. This is the beginning 
of any KM44V1004C/CL/CLL cycle in which a memory 
location is accessed. The specific type of cycle is 
determined by the state of the write enable pin and 
various timing relationships. The cycle is terminated 
when both RAS and CAS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time(trp) 
requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
._ by tRas(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device 
operation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to 
satisfying the minimum RAS and CAS pulse widths. In 
addition, a new cycle must not begin until the minimum 
‘RAS precharge time, trp, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within the 
KM44V1004C/CL/CLL begin a complex sequence of 
events. If the sequence is broken by violating minimum 
timing requirements, loss of data integrity can occur. 


Read 

Aread cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. But the access time also depends on the falling 


edge of CAS and on the valid column address transition. . 


If CAS goes low before tacp(max) and if the column 
address is valid before trac(max), then the access time 
to valid data is specified by trac(min). However, if CAS 
goes low after tRcp(max), access is specified by tcac or 
tas. In order to achieve the minimum access time, tRAc 
(min), it is necessary to meet both trcp(max) and trAD 
(max). The KM44V1004C/CL/CLL has common data I/O 
pins. The this reason an output enable control input(OE) 
has been provided so the output buffer can be precisely 
controlled. For data to appear at the outputs, OE must 
be low for the period of time defined by toca and toez. - 


Write 

The KM44V1004C/CL/CLL can perform early write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W, OE 
and CAS. In any type of write cycle, Data-in must be 
valid at or before the falling edge of W or CAS, 
whichever is later. 


Early Write: An early write cycle is performed by bringing 
W low before CAS. The data at the data input pins is 
written into the addressed memory cells. Throughout the 
early write cycle the output remains in the Hi-Z state. In 
the early write cycle the output buffers remain in the 
three state regardless of the state of the OE input. 


Read-Modify-Write: In this cycle, valid data from the 
addressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CAS and meeting the data sheet read-modify-write 
cycle timing requirements. This cycle requires using a 
separate I/O to avoid bus contention. 


Late Write: if W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to the 
read-modify-write cycle except that the timing 
parameters, tRwD, tcwD and tawp, are not necessarily 
met. The state of date-out is indeterminate since the 
output can be either Hi-Z or contain data depending on 
the timing conditions. This cycle requires a separate 1/O 
to avoid bus contention. 


Data Output nA 

The KM44V1004C/CL/CLL has a:three-state output 
buffer which is controlled by RAS, CAS and OE. When 
RAS and CAS go high(Vin) or OE goes high (Vix), the 
outputs are in the high impedance state. In any cycle in 
which valid data appears at the output, the output goes 
into the low impedance state in a time specified by tcLz 
after the falling edge of CAS. tnvalid data may be 
present at the output during the time after tccz and 
before the valid data appears at the output. The timing 
parameters tcac, tRac and taa specify when the valid 
data will be present at the output. The valid data at the 
output cannot be eliminated by CAS rising only and it 
remains until both RAS and CAS returns high. This is 
true even if a new RAS cycle occurs(as in hidden 
refresh). Each of the KM44V1004C/CL/CLL operating 
cycles is listed below after the corresponding output 
state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, EDO Mode Read, EDO Mode Read-Modify- 
Write. 


—— 
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DEVICE OPERATION (Continued) 


Hi-Z Output State. Early Write, RAS-only Refresh, Fast 
Page with EDO Mode Write, CAS-before-RAS Refresh, 
OE controlled write. 


Indeterminate Output State: Delayed Write (tcwo or tRwo 
are not met) 


Refresh 

The data in the KM44V1004C/CL/CLL is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
16/128/256ms. There are several ways to accomplish 
this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 


CAS-before-RAS Refresh: The KM44C1004C/CL/ CLL » 


has CAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CAS is held low for the specified set up time (tcsR) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the on-chip 
refresh address counter which is then internally 
incremented in preparation for the next CAS-before-RAS 
refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be 
performed while maintaining the latest valid data at the 
output by extending the CAS active time and cycling 
RAS. The KM44V1004C/CL/CLL hidden refresh cycle is 
actually a CAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is 
provided by the on-chip refresh address counter. 


Self Refresh: The self refresh is CAS-before-RAS 
refresh to be used for long periods of standby, such as 
al battery back-up. In nomal CAS-befoerd-RAS 
condition, when RAS is held low above 100s an 
internal timer activates an refresh operation of 
consecutive row addersses in DRAM. The self refresh 
mode is exited when either RAS of CAS goes high(Vix). 


Other Refresh Methods: It is also possible to refresh the 
KM44V1004C/CL/CLL by using read, write or read- 
modify-write cycles. Whenever a row is accessed, all the 
cells in that row are automatically refreshed. There are 
certain applications in which it might be advantageous 
to perform refresh in this manner but in general RAS- 
only or CAS-before-RAS refresh is the preferred method. 


Fast Page Mode with Extended Data Out 
Fast page mode provides high speed read, write or 
read-modify-write access to all memory cells within a 
selected row. These cycles may be mixed in any order. 
A fast page mode cycle begins with a normal cycie. 
Then, while RAS is kept low to maintain the CAS is 
cycled to strobe in additional column addresses. This 
eliminates the time required to set up and strobe 
sequential row addresses for the same page. 


CAS-before-RAS Refresh Counter Test Cycle 

A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of 
verifying the functionality of the CAS-before-RAS refresh 
activated circuitry. 


After the CAS-before-RAS refresh operation, is CAS 
goes high and then tow again while RAS is held low, the 
read and write operations are enabled. 


This is shown in the CAS-before-RAS counter test cycle 
timing diagram. A memory cell be addressed with 10 
row address bits and 10 column address bits defined as 
follows: 


Row Address — Bits Ao through Ag are supplied by the 
on-chip refresh counter. 


Column Address — Bits Ao through Ag are supplied by 
the falling edge of CAS as in a normal memory cycle. 


Suggested CAS-before-RAS Counter Test. 

Procedure 

The CAS-before-RAS refresh counter test cycle timing is 

used in each of the following steps; 

1. Initialize the internal refresh counter by performing 8 
CAS-before-RAS cycles. 

2. Write a test pattern of "lows" into the memory cells at 
a single column address and 1024 row address. 

(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycle, read the "lows" 
written during step 2 and write "highs" into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

4. Read the "highs" written during step 3. 

5. Complement the test pattern and repeat steps 2,3 
and 4. 


Power-up 

if RAS=Vss during power-up, the KM44C1004C/ 
CL/CLL could possibly begin an active cycle. This 
condition results in higher than necessary current 
demands from the power supply during power-up. It is 
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DEVICE OPERATION (continueg) 


recommended that RAS and CAS track with Vcc during 
power-up or be held at a valid VIH in order to minimize 
* the power-up current. An initial pause of 200 «sec is 
required after power-up followed by any 8 initialization 
cycles before proper device operation is assured. Eight 
initialization cycles are also required after any 16(L/LL- 
ver:128, SL-ver:256) msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 


Termination 

The lines from the TTL driver circuits to the 
KM44V1004C/CL/CLL inputs act like unterminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
termination may be used, series termination is generally 
recommended since it is simple and draws no additional 
power. It consists of a resistor in series with the input 
line placed close to the KM44V1004C/CL/CLL input pin. 
The optimum value depends on the board layout. It 
must be determined experimentally and is usually in the 
range of 20 to 40 ohms. 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching transient 
effects are minimized. the recommended methods are 
gridded power and ground lines or separate power and 
ground planes. The power and ground lines act like 


PACKAGE DIMENSIONS 
20-LEAD PLASTIC DUAL IN-LINE PACKAGE 


0.962 (24,43) 


transmission lines to the high frequency transients 
generated by DRAMS. The impedance is minimized if all 
the power supply traces to all the DRAMS run both 
horizontally and vertically and are connected at each 
intersection or better yet if power and ground planes are 
used. 


Decoupling 

The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage droop 
on the Vcc line can cause loss of data integrity(soft 
errors). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voltage 
(measured at the device pins) should not exceed 500mV. 


A high frequency 0.1 #F ceramic decoupling capacitor 
should be connected between the Vcc and ground pins 
of each KM44V1004C/CL/CLL using the shortest 
possible traces. These capacitors act as a low 
impedance shunt for the high frequency switching 
transients generated by the KM44V1004C/CL/CLL and 
they supply much of the current used by the. 
KM44V1004C/CL/CLL during cycling. 


In addition, a large tantalum capacitor with a value of 
47“F to 100%F should be used for bulk decoupling to 
recharge the 0.1“F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling 
capacitor meet the power grid or power plane. Even 
better results may be achieved by distributing more than 
one tantalum capacitor around the memory array. 


Units: Inches (Millimeters) 


0.972 (24.69) 


0° - 10° 


oo 


0.135 (0.43) 


0.145 (3.68) 


300 (7.62) 


fh 


0.325 (8.26) - 


0.293 (7.44) 


0.279 (7.08) 


0.015 (0.38) 


MIN 
0.009 (0.23) 


0.013 (0.33) 


0.100 (2.54) 
TYP 


a 2 0.016 (0.41) 0.035 (0.89) 
0.024 (0.61) ~~ 0.055 (1.40) 


0.183 (4.65) 
MAX 


0.115 (2.92) 
MIN 


0.050 (1.27) 
MAX 
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PACKAGE DIMENSIONS (Continued) 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 


Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


0.330 (8.38) 
9.340 (8.64) 
0.008 (0.20) 
0.012 (0.30) 


0.275 (6.98) 


0.305 (7.75) 
0.260 (6.60) 


0.295 (7.49) 


al 0.128 (3.25) 
0.145 (3.68) 


Se 


0.670 (17.02) 
0.680 (17.27) 


0.004 (0.1) 


a L L L jUj 
0.050 (1.27) 0.015 (0.38) 0.026 (0.66) 
TYP 0.021 (0.53) 0.032 (0.81) 


0.050 (1.27) 
MAX 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


1.025(26.04) ; 0.113(2.87) 
1.035(26.29) 0.120(3.05) 
J 


ol= ~_ 
OR Io) © 
= ed aa 
Bilis S| 5 
N10 =l< 
02 1 8\i= 
onto) t 

° 


: il HTL | 0.009(0.23) 

0.013(0.33) 

0.016(0.41) L i 0.050(1.27) 0.050(1.27) 0.100(2.54) 0.100(2.54) 
0.024(0.61) TYP MAX MIN TYP 
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PACKAGE DIMENSIONS (continued) 


20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (il) (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.298 (7.57) 
0.302 (7.67) 


0.671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


0.048 (1.22) | | 0.012 (0.30) 
0.052 (1.32) F 9.020 (050) 


IO] 9.008 (0.08) 


0.03 (0.80) 


0.367 (9.32) 


0.324(8.22) 


_ 0.359 (9.12) 


0.005 (0.13) 
0.008 (0.20) . 


og 


0.016 (0.40) | | 
0.024 (0.60) 
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512K x8 Bit CMOS py nalnie RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 


KM48C512B/BL/BLL-5 
KM48C512B8/BL/BLL-6 60ns 15ns ; 110ns 
KM48C512B/BL/BLL-7 70ns [ 20ns | 130ns 
KM48C512B/BL/BLL-8 


« Fast Page Mode operation 
¢ Self Refresh operation (LL-version): 
¢ Byte Read/Write operation 
¢ CAS-before-RAS refresh capability 
« RAS-only and Hidden Refresh capability 
_ * TTL compatible inputs and outputs 
+ Early write or output enable controlled write 
+ Dual +5.0V+ 10% power supply 
« Refresh Cycle 
-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L-version) 
-1024 cycle/128ms (LL-version) 
Power Dissipation 
-Standby: 5.5mW (Normal) 
1.1mW (L-version) 
0.83mW (LL-version) 
-Active (50/60/70/80): 470/385/360/330mW 
« JEDEC standard pinout 
¢ Available in plastic SOJ and TSOP Ii 


FUNCTIONAL BLOCK DIAGRAM 


D 
> 
io) 


Control 
Clocks 


| 


Oo 
S| 3 


Refresh Control 


Refresh Counter 


Voc 
Vss 


GENERAL DESCRIPTION 


The Samsung KM48C512B/BL/BLL is a CMOS high 
speed 524,288 bitx 8 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 


The KM48C512B/BL/BLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM48C512B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 


Data in 
Buffer 


Sense Amps & IO 
| | 


Memory Array 


524,288x8 to 
Sa Cells DQs 
Ao~Ao Row Address Buffer 
. Data out 
Buffer — 
Ao~As Col. Address Buffer ° Column Decoder OE 
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PIN CONFIGURATION (top views) 


¢ KM48C512BJ/BLJ/BLLJ 


(SOJ) 


» KM48C512BT/BLT/BLLT ¢ KM48C5128TR/BLTR/BLLTR 


ie) 


COON OO PRWHNH = 


(TSOP (Il)-Forward Type) (TSOP (Il)-Reverse Type) 


Pin Name] Pin Function 
Address Input 


Data In/Out 
| 
Row Address Strobe 

S 


Column Address Strobe 
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ABSOLUTE MAXIMUM RATINGS 


[Parameter Symbot [Rating «SSCs 
Voltage on any pin relative to Vss 
Voltage on Vcc supply relative to Vss 


Storage Temperature 


Power Dissipation 


Short Circuit Output Current 


-55 to + 150 


1 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter 


Operating Current* 
(RAS, CAS, Address Cycling @trc=min.) 


Standby Current 


(RAS=CAS=W=Vu ) 


RAS-Only Refresh Current* 


Fast Page Mode Current* 
(RAS=Vit, CAS, Address Cycling @tec=min.) 


Standby Current 
(RAS=CAS=W=Vcc-0.2V) 


CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trc=min.) 


KM48C512B/BL/BLL-5 
KM48C512B/BL/BLL-6 
KM48C512B/BL/BLL-7 
KM48C512B/BL/BLL-8 


(CAS=Vin, RAS, Address Cycling @trc=min.) - 


KM48C512B/BL/BLL-5 
KM48C512B/BL/BLL-6 
KM48C512B/BL/BLL-7 
KM48C512B/BL/BLL-8 


KM48C512B/BL/BLL-5 
KM48C512B/BL/BLL-6 
KM48C512B/BL/BLL-7 
KM48C512B/BL/BLL-8 


KM48C512B 


| KM48C512BL 
KM48C512BLL 


KM48C512B/BL/BLL-5 
KM48C512B/BL/BLL-6 
KM48C512B/BL/BLL-7 
KM48C512B/BL/BLL-8 
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DC AND OPERATING CHARACTERISTICS (continued) 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V 
Input Low Voltage(Vit)=0.2V CAS=0.2V KM48C512BL Icc7 - 300 HA 
Din=Don't Care, TRo=125uS : . 

TRas=TRAS min.~300ns 


Self Refresh Current 
RAS=CAS=0.2V 
W=OE=Ao-Ag=Vcc-0.2V or 0.2V 
DQ1-DQs=Vcc-0.2V, 0.2V or Open 


Input Leakage Current 


KM48C512BLL lccs - 200 HA 


(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) hy io a a 
Output Leakage Current x 

(Data out is disabled, OV<VouT< Vcc) low) 10 0 HR 
Output High Voltage Level (lox=-5mA) Vou 2.4 - V 
Output Low Voltage Level (lo.=4.2mA) VoL - 0.4 Vv 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
two times while RAS=VIL. In Icc4, address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1=25°c, Voc=5\, f=1MHz) 
Parameter 
Input Capacitance (Ao~Ag) 
Input Capacitance (RAS, CAS, W, OE) 
Output Capacitance (DQ1~DQa) 


-5(*) 
Max 


Random read or write cycle time 90 110 of [eel Pa 
Read-modify-write cycle time 135 155 Peril 


Access time from RAS 


Access time from CAS 


Access time from column address 
CAS to output in Low-Z 
Output buffer turn-off delay 


Transition time (rise and fall) 


RAS precharge time 
RAS pulse width 
RAS hold time 

CAS hold time 

CAS pulse width 


RAS to CAS delay time 
(*) 50ns Product:Vcc=5V + 5%, Cout=50pF 
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AC CHARACTERISTICS (Continued) 


Parameter Smo 
Max 


RAS to column address delay time 


15 30 
CAS to RAS precharge time 5 
Row address set-up time 0 0 
Row address hold time 10 10] 
Column address set-up time . tasc 0 0 0 
Column address hold time : {CAH 10 10 15 = 
Column address hold time referenced to RAS ta | 40 45 55 60 | 6 | 
Column address to RAS lead time traL | 25 30 35 40 ns 

0 


Read command set-up time tRCS 


0 0 0 ns 
Read command hold time referenced to CAS 0 i 0 0 
0 
0 


Read command hold time referenced to RAS 


_| Write command set-up time 


Write command hold time 


Write command hold time referenced to RAS 


Write command pulse width 


Write command to RAS lead time 


Write command to CAS lead time 


Data-in set-up time 
Data-in hold time 


Data-in hold time referenced to RAS {tDHR 
Refresh period (Normal) tREF 


Refresh period (L-version) tREF 
Refresh period (LL-version) tREF 
CAS to W delay time tcwo 
RAS to W delay time tRWwD 
Column address to W delay time tawo 


CAS precharge to W delay time tcPwo 

CAS set-up time (CAS-before-RAS refresh) tCSR 

CAS hold time(CAS-before-RAS refresh) {CHR 

RAS precharge to CAS hold time trPC 

CAS precharge time (C-B-R counter test cycle) tcPT 30] 

Access time from CAS precharge l tom | =| 30, 35 40| 45 | ns 
Fast page mode cycle time tPc | 40 45 50 ns 

Fast page mode read-modify-write cycle time tPRNC | 80 80 ae 95 100 ns 

RAS pulse width (Fast Page Mode) trasp fmm et to 400K} 80| 100K] ns 

RAS hold time from CAS precharge tRHCP | | as} | ao 45 ns 


(*) 50ns Product:Vcc=5V + 5%, Cout=50pF 
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AC CHARACTERISTICS (continueq) 


Paar 


JacomstinefomOE | toca | 
toe | 


Output buffer tum off delay time from OE 
|OEcommandhodime | toe 
[FAS pulse width C-B-F soltretest) | truss 
tes 


(*) 50ns Product:Vcc=5V + 5%, Cout=50pF 
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NOTES 


1. 


2. 


3. 
4. 


on 


12. 


An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh 
cycle before proper device operation is achieved. 

Vin(min) and Vi_(max) are reference levels for measuring timing of input signals. Transition times are measured 
between VjH(min) and Vi.(max) and are assumed to be ‘5ns for all inputs. 

Measured with a load equivalent to 2 TTL loads and 100pF. 

Operation within the tacp(max) limit insures that trac(max) can be met. tacp(max) is specified as a reference 
point only. If tacp is greater than the specified tacp(max) limit, then access time is controlled exclusively by tcac. 


. Assumes that tacp2trcp(max). 
. tar, twor, tour are referenced to trap(max). 


torF(max) defines the time at which the output achieves the open circuit condition and is not referenced to VoH 
to VoL. 


. twos, trwp, tcwp and tawp are non restrictive operating parameters. They are included in the data sheet as elec- 


tric characteristics only. If twcs2twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If towo2tcwp(min), tawo2tRwo(min) and tawp2tawp(min), then the cy- 
cle is a read-write cycle and the data output will contain the data read from the selected address. If neither 
of the above conditions are satisfied, the condition of the data out is indeterminate. 


. Either tacH or rrarnH must be satisfied for a read cycle. = 
. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 


read-write cycles. 


. Operation within the trap(max) limit insures that trac(max) can be met. trap(max) is specified as a reference 


point ony. If trap is greater than the specified trap(max) limit, then access time is controlled by taa. 


1024 cycle of Burst Refresh must be executed within 16ms before and after self refresh, in order to meet refresh 
specification. (LL-version) 


TIMING DIAGRAMS 


READ CYCLE 
RAS ViH— 
Vit— 
trep 
— Vin— 
CAS Wie 
Ro BK x 
tRCH 
H—- JVXYVY XY YRVV RV 
W Vi RY 
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FE AXIS RC) TRS XRRX AKRON 
torr 
DQ,-DQs OPEN 
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TIMING DIAGRAMS ontinuea) 
WRITE CYCLE (EARLY WRITE) 


tre 
tras =) NR 
RAS oe tar 
Vit— 
= =o 
ponies Viq— 
oe Vice I \ see as f_/ 
usa eagecce 
A Vin—- OXXXKK KK (x) = COLUMN KOO KAKA AK KK OKA KAKI 
Vit— 99,,0, 0.0.4.9 (AooRESSp X yy, ez eB 9.0.0,0.9,0,0.0,9,0.0,0'0.0.4.' XA NOON S949 
tow. 
w YH BORON | PT RRRRYRRERIERRERRRR ERK ERED 
Vit— 99,09, .9.9,0.0,9.0,0,4, XX OO L\ 9.9.9,9 Oy 
twcr 
tRWL w| i 
zee Vip— VVVVVVVYVYVYVUYVVYYVVVUV YY YUU OA AV POO VU VU Va ATA ATA ATAY, ¥, y, 
> Vim ROLE KKK KK KY RRR 
tos a tou 
Viq— 
WRITE CYCLE (OE CONTROLLED WRITE) . 
tre 
tras trp 
Fig Viq— tar 
Vit— 
tcsH 
tcrp 
trCD tRSH : 
—_— ViH— 
CAS Wie: ee tcas 
tasR | | trad 
=a 
Vin— RIV OOTKARAIYVV VV VV VV OAV VV VV VV 
A Va CERXOK A8Bhess KK ASuneS PORK 
tow. 
tRWL : 
—_ Viq— Va Vea Va Va VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVATAVATA®, OKKRIVIVVVVVVVVV V YY VV VV VVVYVV 
. vs — XXX KKXKXRKY = SRK KXXX YO AAXY ERROR 
|toeH . 
Vin— vaVavaVaava¥aVa¥avaVavavaVa taal, TA NVVVV vavs¥a¥a¥aVay, va alaVaValaValaVaVaVaVaValavaVay, 
va WOOO KL KKKX HK RKXAXXKAKKAKR 
, tox 
Vin— LAJVVVVV TavavaVat a A Alala  AVATATAVAVAVATATAYATATATA AVAVATA 
ia, CRY vaio oaraan OVX RX KKK KKK 
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TIMING DIAGRAMS (continued) 
READ-MODIFY-WRITE CYCLE 


RAS 
CAS 
LITT PANY AI IAI AI 

. RR KKK KY 
W. Vin— | WYK KKK KVR OX 

He Lats RN KA 

toEA 
fe Vip—- ASYYIVYVVA/IIVIVVIVVV VY 
OE Vo RR = 
| r= tcac | | tos ere 
——— trach 
poag- a" EXXVALID, AA VALID WXXMIXK XXXAAX KXAAX J 
‘ ViioL ow toLz 4 ws DATA-IN OXOXXXK X f\ XXXKKXXAAKY 

FAST PAGE MODE READ CYCLE 

| trp 
RAS ViH— 

Vit— : 

tcre t ie poe tRSH —=4 
/-~ trco—J top 
— ViH— tcas t t 
CAS sites o. Ne CAS f CAS { / 
thea = tRAH oe poet tCAH Sasi 

Vin— FR BO 0 IUVY  pocdion KRIIIITY 
A vi XA ADD IRRIM, RBbRESS_JOYYNYYX xoonces ROMY RK xooress NERO) 

. es ee 
WwW 1H—- VYVYVYAAAG 4 War Vavea aaa, 

no RR y é Ll ROS 

: = taa—4} taa 
=. Vie YYKKXKXRYR ERY) = h rennet orn AMX XK oR KKK KX 
Be Vina OO | PAXYXYXXXXXA AXXY XXXXXXN k AKAN 4. XK WON 
tcac Gls torr tcac Re (eee 
: -~———— trac 
toLz toez tcLz 
wens aad | 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


| __tRP 
tRASP —| 
RAS ; —_ tar ; . / \ 
ae oa trcp-— top i 7 een 
CAS . \\ tcas- tcas \ tcas—f 
_— tcsH | ; tRAL 
tasr m™ tRAH hae [toa tase] TOA | Poles 
? NOK ABD AX, ABSAESS IKK, SOnneS RAN Aoomees NYY 
aan | i ee mei twes, + He git i 
- eee | | twCH 
oe WIV VVVYVY\, | TP) V,VAVAVAVAVAVAVAVAV,VAY 
; TE, RR ARAN LR 
= TKK KKK HTK VV RRR TB AUTAATAVAY AV AT aVava"avava'a’avavalavavavaay, 
oF a BORK MRO RRA XR XIX PLL XX CR 
{ ‘oe toH | tos || tpH tos tpH 
00-00% caren DOMAKK Caren HK AK 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


a trp 
fens SS RASS 
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TIMING DIAG RAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don't care 
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CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don’t Care 
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TIMING DIAGRAMS continued) 
HIDDEN REFRESH CYCLE (READ) — 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.720(18.29) 
r 0.730(18.54) ; 


eas 
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S 
fo) 
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L_J LICILICICI LI 1 
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28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


0.740 (18.80) 0.03 80) 


0.005 |__ 0.005 0.13 13) 


0.722 (18.36) 0.037 (0.95) 0.008 (0.20) 
0.726 (18.46) 
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0.459 (11.66) 
0.466 (11.86) 
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0:037 (0.95) el : 0.048 (1.22) seal is 0.016 (0. wo} 
0.052 (1.32) 0.020 (0.50) 


a” 


ELECTRONICS 


0.016 (0.40) 
0.024 (0.60) 
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CMOS DRAM 


512K x8 Bit CMOS Dynamic RAM with Extended Data Out 
FEATURES 


¢ Performance range: 


ae [we | | 
BCSFABVSUBIES | som | Tes | Sve 
raiM@Csr46/BUBLL- | Ow | Te | 110 
oM@cst4BVBUBLLT | Tone | ane | 108 


« Fast Page Mode with Extended Data Out 
* Self Rdfresh operation (LL-ver) 
. CAS-before-RAS refresh capability 
- RAS-only and Hidden Refresh capability 
¢ Byte Read/Write Operation 
¢ TTL compatible inputs and outputs 
¢ Early write or output enable controlled write 
¢ Dual +5V+10% power supply 
« Refresh Cycle 
-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L/LL-ver) 
Power Dissipation 
-Standby: 5.5mW (Normal) — 
1.1mW (L-version) 
0.83mW (LL-version) 
-Active (50/60/70): 470/385/360mW 
¢ JEDEC standard pinout 
¢ Available in plastic SOJ and TSOP Il 


FUNCTIONAL BLOCK DIAGRAM 


Voc 
[Vas Generar of 
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Control & 
Clocks 
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AQ~AQ 


A0~A8 


Veep Generator 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM48C514B/BL/BLL is a CMOS high 
speed 524,288 bitx 8 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 


The KM48C514B/BL/BLL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM48C514B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 


Data in 


Buffer 
e) 
i pa, 
Memory Array ry a 
£ 
524,288 x 8 Z DQs 
Celis wo 
” 
Cc 
o 
aes ; Data out 
Buffer — 
OE 


SAMS Ue 
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KM48C514B/BL/BLL | ~ CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM48C514BJ/BLJ/BLLJ * KM48C514BT/BLT/BLLT ¢ KM48C514BTR/BLTR/BLLTR 


fe) 


1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 a) 


(SOJ) (TSOP(Il)-Forward Type) (TSOP(II)-Reverse Type) 


Address Inputs 
Data In/Out 
4 


Row Address Strobe 
Column Address Strobe 
Read/Write Input 

Data Output Enable 
Power(+5 V) 


No Connection 
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KM48C514B/BL/BLL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Rating Units 

Voltage on any pin relative to Vss Vin, VouT -1 to 7.0 Vv 
Voltage on Vcc supply relative to Vss Vcc -1 to 7.0 | V 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Pp 1 | W 
Short Circuit Output Current los 50 : W 

* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Parameter Symbol 


Supply Voltage 

Ground Vv 
Input High Voltage | VIH 2.4 = | Vec+1 Vv 
Input Low Voltage Vv 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol} Min | Max | Units 
Operating Current* KM48C514B/BL/BLL-5 | 85 mA 
BRE ATS beats ; KM48C514B/BL/BLL-6 Icc1 - 70 mA 
(RAS, CAS, Address Cycling @trc=min.) KM48C514B/BL/BLL-7 65 fai | 
Standby Current (RAS=CAS=W=Vu ) Icce - 2 mA 
ee 7 KM48C514B/BL/BLL-5 85 mA 
CaS FAS. Adcrows © siegabesan) KM48C514B/BL/BLL-6 loca - | 70 | mA 
aides sien KM48C514B/BL/BLL-7 65 | mA 
‘ KM48C514B/BL/BLL-5 65 mA 
AS ORS. Aa Penne ee KM48C514B/BL/BLL-6 leca - | 55 | mA 
Bea Bone uae KM48C514B/BL/BLL-7 50 | mA 
+ 
KM48C514B 1 mA 
RAS_CASW.Veo-0 i KM48C514BL loos | - | 200 | yA 
x ea : KM48C514BLL 150 LA 
— ae : KM48C514B/BL/BLL-5 85 mA 
RS ane CHSC, ieee _ KM48C514B/BL/BLL-6 loos - | 70 | ma 
ae eee KM48C514B/BL/BLL-7 65 | mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High i ae -0.2V 
Input Low Voltage(ViL}=0.2V : KM48C514BL Icc7 - 300 LA 
CAS=0.2V 
Din=Don't Care, TRc=125S Tras=Tras min.~300ns 
5 T 
Self Refresh Current 
RAS=CAS=0.2V KM48C514BLL Iccs - 200 HA 
W=OE=Ao-Ag=Vcc-0.2V or 0.2V 
DQ1-DQs=Vcc-0.2V, 0.2V or Open 
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KM48C514B/BL/BLL | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (ontinueg) 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol| Min | Max | Units 
Input Leakage Current je 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) | Ine) me 10 HA 

+ 4 

Output Leakage Current : 
(Data out is disabled, OV < VouT< Vcc) low) Mg 19 Bes 
Output High Voltage Level (loH=-5mA) VOH 2.4 - V 
Output Low Voltage Level (loL=4.2mA) VOL - 0.4 Vv 


*NOTE: Icc1, Icc3, Icc4 and Icceé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
two times while RAS=ViL. In Icc4, address can be changed maximum once within one hyper page cycle. 


CAPACITANCE (11=25°C, Vcc=5v, f=1MHz) 


Parameter 


Input Capacitance (Ao~Ag) 


Input Capacitance (RAS, CAS,W, OE) 
Input Capacitance (DQ1~DQs) 


AC CHARACTERISTICS 00°c<Ta<70°C, Vcc=5V+ 10%, See notes 1,2) 


Test condiition:Vin/Vii=2.4/0.8V, Voh Vol=2.0/0.8V, Output loading CL=1 00pF 


-5(*) -6 -7 ; 
Parameter Symbol Min | Mae le as || ed Pajaacl Units | Notes 

Random read or write cycle time 90 | 110 130 ns | 
Read-modify-write cycle time 155 185 | ns 
Access time from RAS 50 60 70} ns | 3,4,14 
Access time from CAS 17 17] 20) ns | 3,4,5 
Access time from column address 25 30 35 | ns 3,11 
CAS to output in Low-Z 3 3 ns 3 
Turn-off delay from CAS 13 3 15 3 20} ns | 7,14 
Transition time (rise and fall) 50 2 50 2 50] ns 2 
RAS precharge time 40 50 | ns 
RAS pulse width 10,000 | 60 jail 70 | 10,000} ns 
RAS hold time 17 20 ns 
CAS hold time 50 60 ns 
CAS pulse width 10,000 |} 10} 10,000) 15] 10,000} ns 12 
RAS to CAS delay time 37| 20 45 20| 50| ns | 4 
RAS to column address delay time 25 15 30] 15 35/1 ns 11 
CAS to RAS precharge time 5 male ae 
Row address set-up time ; tasR 0 0 0 ns 
Row address hold time tRAH 10 10 10 ns 


(*) -50ns Product : Output Loading (CL)=50pF, Vec=5V + 5%: 
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AC CHARACTERISTICS (Continued) 


Parameter 

Column address set-up time _ 

Column address hold time 

Column address hold time referenced to RAS 

Column address to RAS lead time 

Read command set-up time tRCS 0 ~ 0 | | 0 | | ns 

Read command hold time referenced to CAS tRCH 0}. 0 0 ns 9 

Read command hold time referenced to RAS ! tRRH 0 0 ua 0 | ns 9 
| Write command hold time : tWcH 10 10) ; 10 | ns 

Write command hold time referenced to RAS twcr 40 45 50 ns 6 
Write command pulse width 1 twP 10 10 ll | 10 | _ns 

Write command to RAS lead time tRWL 13 15 15 ns_| | 
Write command to CAS lead time | tcwL 8 10 15 i ns 

Data set-up time tps 0 0 {0 ns | 10 

Data hold time tDH 10 10 15 ns 10 
| Data hold time referenced to RAS tDHR 40 45 55 ns 6 

Refresh period (Normal) tREF 8 8 8] ms 

Refresh period (L-version) tREF ; 64 64; ms 

Refresh Period(LL-version) ; tREF 128 | 128 128]; ms . 
Write command set-up time | twes 0 0 ean ns | 8 

CAS to W delay time | tcwo 40 42 | 50 ns 8 

RAS to W delay time | tawo 73 85 95 | ns 8 

Column address to W delay time | tawD 48 55 60 |_ns 8 

CAS precharge to W delay time | tepwo | 53 60 65 ns | 

CAS set-up time (CAS-before-RAS refresh) { tcsR 10 * 10 10 ns 

CAS hold time (CAS-before-RAS refresh) tCHR 10 10 10 ns 

RAS to CAS precharge time tRPC 5 5 5 ins 

CAS precharge time (C-B-R counter test cycle) tcPT 20 20 25 |__ns 

Access time from CAS precharge | tcpa 30 | 35 40! ns 3 

Hyper Page mode cycle time tHPC 20 24 | 29 ns 12 

Hyper Page mode read-modity-write cycle time tHPRWC 62 71 81 ns 12 

CAS precharge time (Hyper Page mode) tcp 8 10 10 | ns 

RAS pulse width (Hyper Page mode) tRASP 50) 100K 60| 100K 70; 100K} ns 

RAS hold time from CAS precharge trHcP | 30 35 40 ns 

OE access time | toes 15 | 15 20! ns 

OE to data dela | toeD 13 , 1 20 ns 

Output buffer turnoff delay time from OE | toez 3 13 3 15 3 20 | ns | 7 

OE to output in Low-Z toLz 3 3 3 ns 3 


(*) -50ns Product : Output Loading (CL)}=50pF, Vec=5V + 5% 
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KM48C514B/BL/BLL 


CMOS DRAM 


AC CHARACTERISTICS (continued) 


(*) -50ns Product : Output Loading (CL)=50pF, Vcc=5V + 5% 


NOTES 


. An initial pause of 200s is required after power-up 
followed by any 8 ROR or CBR cycles before 
device operation is achieved. 

. ViH(min) and Vit(max) are reference levels for 
measuring timing. of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns. for all inputs except tHpc and 
tHPRWC. 

. Measured with a load equivalent to 2 TTL loads 
and 100pF 

. Operation within the tRco(max) limit insures that 
trRac(max) can be met. trcp(max) is specified as a 
reference point only. If tcp is greater than the 
specified taco(max) limit, then access. time is 
controlled exclusively by tcac. 

. Assumes that tRcD > tcp (max). 

. tar, twcr, toHR are referenced to tRaD(max). 

. This parameter defines the time at which the 

output achieves the open circuit condition and is 

not referenced to VoH or VoL. 

. twcs, tRwbd, tcwp and tawpd are non restrictive 

operating parameters. They are included in the 

data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), trwo > 


ELECTRONICS 


10. 


11. 


12. 


. 1024 cycle of burst refresh must be executed 


14. 


-5(*) -6 7 
Parameter Symbol Units | Notes 
Min | Max | Min| Max | min | Max 
OE commend hold time tOEH 15 20 ns 
Output data hold time tDOH 5 ns 
Output buffer turn off delay from RAS tREZ 13 15 3; 20| ~=ns 7,14 
Output buffer turn off delay from W tWEZz 13 3 15] 3 20] ns 7 
W to data delay tweD 15 20 ns 
OE to CAS hold time | tocH 5 | 5 ns | 
CAS hold time to OE tCHO 5 5 f ns | 
OE precharge time |_toeP | 5 ns 
W pulse width(Hyper page Cycle) Asis twPE 5 5 ns 
RAS pulse width(LL-ver) tRASS 100 100 HS 13 
RAS precharge time (LL-ver tRPS {110 i 130 ns | 13 
CAS hold time (LL-ver) tCHS -50 -50 ns 13 


tRwo(min) and tawD >tawop(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle.. 
These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the tRaD(max) limit insures that 
tRac(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAp is greater than the 
specified tRaD(max) limit, then access time is 
controlled by taa. 

tasc => tcpmin, Assume tT=2.0 ns 


within 16ms before and after self refresh, in order 
to meet refresh specification (LL-ver) 

If RAS goes high befored CAS high going, the 
open circuit condition of the output is achieved by 
CAS high going, If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going 
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~ TIMING DIAGRAMS 
READ CYCLE 
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WRITE CYCLE (EARLY CYCLE) 
NOTE : Dout=OPEN 
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READ-MODIFY-WRITE CYCLE 
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HYPER PAGE WRITE CYCLE (EARLY WRITE) 
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HYPER PAGE READ-MODIFY-WRITE CYCLE 
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KM48C514B/BL/BLL CMOS DRAM 


HYPER PAGE READ AND WRITE MIXED CYCLE 
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KM48C514B/BL/BLL CMOS DRAM 


RAS-ONLY REFRESH CYCLE 
NOTE : W, OE, DIN=Don't Care 
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HIDDEN REFRESH CYCLE (READ) 
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CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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Fn Mein 


f\ 
= ILE 
Vou— CA) — 
Vo. — [2 a 


WRITE CYCLE | ee a 


Va — TISRIG WAV AW AVAY, TAA [tes 
ER SNC 


twe 


Ee ARKO KOK 


L\ LN 


ae 
Vo. — 


OOS 
READ-MODIFY-WRITE 


ees. 
eet | tr 
tewo—— 


Ry 2, = ORCC CNX 
name taa || 
. 


An SOON 


ton 
, tez x ie tos 
Vou v ¢ YY VY VY 
OH KR 


~DQs 
ic Vyo. — 


LN XX 
VALID DATA-OUT VALID DATA-IN 


KY Don't Care 
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KM48C514B/BL/BLL CMOS DRAM 


PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


; 0.720(18.29) 0.027(0. 69) 
r 0.730(18.54) ’ MIN 


O 1a cla Sls 
o|n S\o aye 27% 
S|o VO @/8 TIT 
nal east °o|O emits) ~~ | 
mlb a oO|n ron te) 

oOl|N ost 
O1O comme) 
ols Olr fe Ut | 

C/O P]2 Slo 
one) ole 


ie 


0.148(3.76) 


q 
| LE 0.026(0.66) 
- 0.032(0.81) 0.140(3.56) 


[J 0.00400. 1 | 


0.050(1.27) 
MAX 


_ 
0.016(0.41) L 0.050(1.27) 
se TYP 


0.740 (18.80) 0.03 (0.80) 
MAX { 


: 


0.459 (11.66) 
0.466 (11.86) 


0.423 (10.76) 


: 


a en 
= 


0.005 (0.13) 
0.722 (18.36) Baw bee) 0.008 (0.20) 
0.726 (18.46) [0.041 (1.05) 
0.037 (0.95) | L. 7 L 0.048 (1.22) L 0.016 (0.40) 
0.052 (1.32) 0.020 (0.50) 


0.016 (0.40) 
0.024 (0.60) 
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512K x9 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES _ GENERAL DESCRIPTION 
* Performance range: The Samsung KM49C512B/BL/BLL is a CMOS high 


speed 524,288 bit x9 Dynamic Random Access 

ec Memory. Its design is optimized for high performance 

KM49C512B/BL/BLL-6 | 60ns | 15ns | 110ns | applications such as personal computer, Giapnice and 
KM49C512B/BL/BLL-7 70ns 130ns high performance portable computers. 

KM49C512B/BL/BLL-8 80ns 150ns The KM49C512B/BL/BLL features Fast Page Mode 


operation which allows high speed random access of 


* Fast Page Mode operation : memory cells within the same row. CAS-before-RAS 
* Self Refresh operation (LL-version) refresh capability provides on-chip auto refresh as an 
¢ Byte Read/Write operation alternative to RAS-only refresh. All inputs and outputs 
- CAS-before-RAS refresh capability are fully TTL compatible. 

« RAS-only and Hidden Refresh capability 

* TTL compatible inputs and outputs The KM49C512B/BL/BLL is fabricated using 
¢ Early write or output enable controlled write Samsung's advanced CMOS process. 


Dual +5.0V + 10% power supply 
¢ Refresh Cycle 
-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L-version) 
-1024 cycle/128ms (LL-version) 
Power Dissipation 
-Standby: 5.5mW (Normal) 
1.1mW (L-version) 
0.83mW (LL-version) 
-Active (60/70/80): 415/385/360mW 
¢ JEDEC standard pinout 
« Available in plastic SOJ and TSOP II 


FUNCTIONAL BLOCK DIAGRAM 


Control & 


Voc - 
Clocks Wes 


Refresh Counter 


|__| Row Address Buffer 


: Col. Address Buffer 


Data in 
Buffer 


DQ, 
Memory Array 


524,288 x 9 
Cells 


Sense Amps & |O 
| 


Ao~Ag 


Data out 
Buffer 


Ao~As 


Column Decoder 


SAMSUNG mee 
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KM49C512B/BL/BLL CMOS DRAM 


PIN CONFIGURATION (top views) 


° KM49C512BJ/BLJ/BLLJ 


(SOJ) 
¢ KM49C512BT/BLT/BLLT *° KM49C512BTR/BLTR/BLLTR 
10 
2 
3 
4 
5 
6 
7 
8 
9 
(TSOP (Il)-Forward Type) (TSOP (Ii)-Reverse Type) 


Read/Write Input 
Data Output Enable 


Row Address Strobe 
Column Address Strobe 
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KM49C512B/BL/BLL 


CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


Voltage on any pin relative to Vss Vin, Vout ae -1 to +7.0 Vv 
Voltage on Vcc supply relative to Vss Vcc -1 to + 7.0 Vv 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Po 1 WwW 


Short Circuit Output Current 


* 


Supply Voltage 


los 


Ground 


50 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to vss, Ta=0 to 70°C) 


Input High Voltage 


Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter 


Operating Current* 


KM49C512B/BL/BLL-6 


Units 


aoe | KM49C512B/BL/BLL-7 oct | - | 70 | mA 
(RAS, CAS, Address Cycling @trc=min.) pa | 
KM49C512B/BL/BLL-8 65 mA 
Standby Current 
(RAS=CAS-W-Vun ) oe cans (baa 
sha . KM49C512B/BL/BLL-6 75 mA 
aa ae eae KM49C512B/BL/BLL-8 65 | mA 
r KM49C512B/BL/BLL-6 55 mA 
ASA, CAS, print Cycling @trc=min.) SSupehea cierto os | hee hone 
a acacia a KM49C512B/BL/BLL-8 45 | mA 
KM49C512B 1 | ma 
FAS CNS WsVoo-0 i KM49C512BL ccs | - | 200 | yA 
~ ire : KM49C512BLL 150 HA 
— — \ KM49C512B/BL/BLL-6 75 mA 
FS and GSC lech otnediok KM49C512B/BL/BLL-7 ico | - | 70 | mA 
. sae ea KM49C512B/BL/BLL-8 65 | mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V 
Input Low Voltage(ViL)=0.2V CAS=0.2V KM49C512BL Icc7 - 300 | #A 
Din=Don't Care, TRo=1254S 
Tras=Tras min.~300ns 
Self Refresh Current 
RAS=CAS=0.2V 
We-OE=Ao-As=Voc-0.2V or 0.2V KM49C512BLL Iccs - 200 BA 


DQ1-DQs=Vcc-0.2V, 0.2V or Open 


ares 
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KM49C512B/BL/BLL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol| Min | Max | Units 
Input Leakage Current 
(Any input O<Vin <Vcc+0.5V, all other pins not under test=0 V) ML) atin ug Be 
Output Leakage Current 
‘| (Data out is disabled, OV<VouT< Vcc} low) aie i oe 
Output High Voltage Level (loH=-5mA) VoH 2.4 - V 
Output Low Voltage Level (loL=4.2mA) VoL - 0.4 Vv 


*NOTE: Icc1, Icc3, Icca and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and !cc3, address can be changed maximum 
two times while RAS=VIL. In Icc4, address can be changed maximum once within one fast page cycle. 


CAPACITANCE (ta=25°c, Vco=5V, f=1MHz) 


Parameter 


Input Capacitance (Ao~Ag) 


Input Capacitance (RAS, CAS, W, OE) 
Input Capacitance (DQ1~DQs) 


AC CHARACTERISTICS (o°c<1a<70°C, Voc=5.0V+10%, See notes 1,2) 


-6 ~7 -8 

Parameter Symbol min | ieee [satan uaae (| paul aaa Units; Notes 
Random read or write cycle time tRC 110 130 150 ns 
Read-modify-write cycle time trwe | 155 185 | 205 ns 
Access time from RAS tRAC 60 70 80| ns | 3,4,11 
Access time from CAS tcac 15 20 20 ns 3,4,5 
Access time from column address tAA 30 35 40 | ns 3,11 
CAS to output in Low-Z tcLz 0 0 0 ns 3 
Output buffer turn-off delay tOFF 0 15 0 15 0 15] ns 7 
Transition time (rise and fall) tr 3 50 3} 50 3 50; ns 2 
RAS precharge time . tRP 40 50 60 | ns 
RAS pulse width | tRAS 60 | 10,000 | 70; 10,000; 80| 10,000| ns 
RAS hold time tRSH 15 20 20 ns 
CAS hold time . tcsH | 60 70 80 ns 
CAS pulse width tcas 15 | 10,000 20 | 10,000 20] 10,000 | ns 
RAS to CAS delay time tRCD 20 45 20 50 20 60; ns 4 
RAS to column address delay time tran | 15 30} 15 35 | 15 40; ns | 11 
CAS to RAS precharge time |_ tore 5 5 ie ns 
Row address set-up time tASR 0 0 0 ns 
Row address hoid time | tRAH 10 [10 | 10 ns ] 
Column address set-up time TASC 0 0 0 ns 
Column address hold time tCAH 10 15 15 ns 
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AC CHARACTERISTICS (Continued) _ | : . 
ee iy 
ne | 6 | 


Soe 


[Coumn adcress holdtime referenced oRAS | wr_| 45{ | 85] | oof 
SounscoestoTASieire ma} te fe 
Read command set-up time tRCS 

fice ces me {of [of — 
Read command hold time referenced to RAS | ten | of | of | 
a 
Write command hold time 

twor 


Write command pulse width 


z 
Hd 


Write command to RAS lead time 


Write command to CAS lead time 


Flair 


Data-in set-up time — 
Data-in hold time 


= — | os jo = 
on ala !)o oO 


Data-in hold time referenced to RAS 


fond 
9 
= 
Pe] 


Refresh period (Normal) 


Refresh period (L-version) 
Refresh period (LL-version) tREF 
CAS to Wdelay time 


RAS to W delay time 
Column address to W delay time 


CAS precharge to W delay time tcPwD 
CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 
RAS precharge to CAS hold time 


CAS precharge time (C-B-R counter test cycle) 


Access time from CAS precharge 


o 
aD 
mn 
nm 


=_— Nh | = = 
a olo (o] 


= 
oa 


—_ 
fo>) 


-~S —_ =_ 


= 
ao 


= 
iy] 
Co 


Wo 
LEE 


S 
4 


Fast Page mode cycle time 


Fast Page mode read-modify-write cycle time 
RAS pulse width (Fast Page mode) 
RAS hold time from CAS precharge 


CAS precharge time (Fast Page mode) tcp 
Access time from OE 


OE to data-in delay time 


x lot 
° 
Oo 


— 
[—) 
So 
aA 
~ 
Oo 
—_ 
fo] 
Oo 
az 


os a _> 
oO > 
a) fo) 


Out put buffer turn off delay time from OE 
OE commend hold time 


‘| RAS pulse width (C-B-R self refresh) 
RAS precharge time (C-B-R self refresh) 
CAS hold time (C-B-R self refresh) tcHs 
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KM49C512B/BL/BLL 


CMOS DRAM. 


NOTES 


1. An initial pause of 200s is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh cycle 


2 


3. 
4. 


5. 


before proper device operation is achieved. 


. Vik(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are measured 


between ViH(min) and Vi_(max) and are assumed to be 5ns for all inputs. 

Measured with a load equivalent to 2 TTL loads and 100pF. 

Operation within the tacp(max) limit insures that tRAc(max) can be met. tacp(max) is specified as a reference point 
only. If tacb is greater than the specified tacp(max) limit, then access time is controlled exclusively by tcac. 

Assumes that tacb >trcb (max). 


6. tan; twcr, tOHR are referenced to tRAD(max). 


7. 


8. 


toFF(max) defines the time at which the ela achieves the open circuit condition and is not referenced to VoH to 
VOL. 

twcs, trwb, tcwp and tawop are non restrictive operating parameters. They are included in the data sheet as electric 
characteristics only. If twcs>twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tcwp >tcwp(min), thwo >tRwp(min)and tawp > tawD(min), then the cycle is 


‘a read-write cycle and the data output will contain the data read from the selected address. If neither of the above 


conditions are satisfied, the condition of the data out is indeterminate. 


9. Either tRcH or tRRH must be satisfied for a read cycle. 
10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in read- 
write cycles. 
11. Operation within the trap(max) limit insures that tRac(max) can be met. tRap(max) is specified as a reference point 
only. If tRAD is greater than the specified traD(max) limit, then access time is controlled by taa. 
12. 1024 cycle of burst refresh must be executed within 16ms before and after refresh, in order to meet refesh specifica- 
tion(LL-version). 
TIMING DIAGRAMS 
READ CYCLE 
RAS aa 
Vit— 
—— Vin— 
CAS ite 
A Vin XX 
w 
OE OOO Onn an 
POX YY WYK XY) wi 
E oe OPEN 
DQ, DQg Vo_— A 


Xx] DON’T CARE 


es” 


343 


ELECTRONICS 


_ KM49C512B/BL/BLL | CMOS DRAM 


TIMING DIAGRAMS continued) 


WRITE CYCLE (EARLY WRITE) 
‘a 


RAS 


CAS 


=| 


DQ,-DQg 


WRITE CYCLE (OE CONTROLLED WRITE) 


CAS 


=| 


DQ,-DQg9 


tac 


trp 
hana tras eae 
Viq— ‘ 
‘AR 

Vit— 

tcre seal =| 

trop tRSH { —| 
ViH— 
om 

Vit— + 

tasR tasc 1tan_] RAL 7 


. Vit FARRAR y, AAIVYYVVYY Y YY VY AA IK 
(YF ROW 
vi RO Aare PROM SORES PRX RRR RID 


t= tRaD 
tow —| 
twcs wed 
ViH—. WYYUI YY AV AVA W AY AVAVAW.V,VAV.VAWAVAV AY AV AV AVATAWAV ATA AW AVATAVAVAVAVAV.T 
vu— RARAXXXXARERRN OS 
i 4twor 
tRWL a | 
Vin— VVVVVYVVVYYVYVYVYVYVVYVYYYYVVYVYV VU VIVV ¥ YVVV VY VV VV VV VV VY VI VVV VY VV/V/V \/ 
Vu SOK KKK KAKA KKK RRR 
tbH 
tos 4 = tou 


Viq— 
Vix 4 VALID DATA-IN J PARR ——_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_— 


——————— trc 
= —- tRAS — trp— 
Vie tar 
Vit— 
—= tCSH — 
tcrp 
—| tracp tRSH | 
Vin— 
vu Ego NO ee 
tase | | tray eel ign tRaL 4 2 
ViH— WIVVVV OT VV VV VV VV 
Vi CALYX ABBhess ALP Boas _ DORK RY) 
; seine 
Vin— VV VVVVVVVVVVVVVVVVVVVVVV Y (MV VV VV VVVYVVV VY YYVVY VV VVYVV 
Vo XRAY RX KKK RYKXXND WRX XXL XXX KXLX RY 
ViH— TC TaTanatanapatavaratatararavatan ARI AASV VV VV SOV 
vn DOXA CK KKAXXYYXNXXY HRKAAXKAXXNHNNA 


Vin— LAS JV VVVV IPP PIII TT TT POP 
u- YOK. vate oarasn KARL L AY KKK KKK KKK 


KX}oows CARE 


tle” 
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CMOS DRAM 


TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 


RAS 


CAS 


=| 


DQ;- DQg 


FAST PAGE MODE READ CYCLE 


RAS 


CAS 


DQ,-DQg 


ViH— 
Vit— 


Vin 
Vit— 


Vin— 
Vit— 


Vin 
Vit— 


ViH— 
Vit— 


VVOH — 


Viol — 


ine z= tRWC = 
= tRaS = 
are tA ee 
- ee cee en ee sa 
Es p> tROD ai : = tRSH ate 
\ \ | tcas 
tasr | [tRAH tasc ae | 
WAFS ROW ” \) COLUM " YY AAA)/VVVYVYV YYW A DY A AAA AA /YV 
Ow r0oness AY BARK ASKIN 
= traoe] — ae cap a tcwL 
| — trwo - a tRWL 


"9" 
x AAL 


= i 


VSL YVVV\AA/VYVVVAA/VV ¥ 
OUGUUrnnnneinngnnn 


DAL\Z\ 


- tRASP -—— 


VM/Y 


OMY 


YK RAAIVVVYUVVYV VY 
XXX ANY 


trp 
trHep = : 


IVYVUVVVUYK 
AY WK 


tRCH 


RYXXXK 
trRH | XK VX, 


SY VYVYVVVV 
BORO 


torr 


a ee 
tcrp Eee er ‘, RSH 
ViH— tcas 
t t 
vie = LS ay seams’ &, 
A 
tosH t 
tasR +-=| Lean tasc_| tcaH need tcaH tasc tate 
Wo BNCEERN BRE MEIN EE MORIN SEE MOTI 
Va Oe OYA ADDRESS WYXXXXM ADDRESS AXXAXXX A ADDRESS KXXX XK XXX) 
a ae am J 
Vin ary wd, TVA 
Vy L— ROO) t AA | y fais ¢ tik 
Bae asta toEA toEA 
Vin—- VYX YX Ov) XXX XXX) KY SAAAA/ KY S/\RAAA/ Y) 
Vit-— XXX Vi 00! ra ns, BSR) BRYSON 
: tcac 
— tRAC 
tcLz r — toEz 

Vou OY VALID IXY VALID VALID 
Yee DX batccurp—-——YX datwoury-—O_ bateour } 


Nex DON’T CARE 
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 KM49C512B/BL/BLL 


CMOS DRAM 


TIMING DIAGRAMS Continued) 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 5 abe 
| -n Sa — trasP- es 
RAS ae taR—-———, - 
CAS a \ — tcas tcas iam tcas—— { / 
Se cg Pave —— vere H | tRAL 
tasR Porc Ase. 0 se | a ‘ tasc |. tcAH 
Who ¥ VYVVY LA /VA/Y Va ava, \/ 
: AMX oo YK Keone NYA RoonESS PRK Sources OY) 
;—!RAD teow. —— 
- twes- A : 
ae. WVVYVVVYVVY VYVVVY Fd /a¥/ START VV AVAVAVAVAVAVAVAV,VAY 
Ww DYN ASN) NY LEY 
= LKR RRR LR YVR AAV AY VAVAVAY AAW AVAVAVAVATATATAVAVAV Vala av, 
aE RR RRM RR LK RIL KA 
Sarr t | ! 
| 90-00 ie Ee SUNG: 


ieee s eee | tre 
RAS” 
H os = tee ye a | 
; ee “ | tprwc—— x ~ tRSH —-——— 
eae trop—}—— tcas a ae es tcrp 
CAS tRao 7 tcas- ; 
CAS on 7 \\ i [/ 
tasR_| {| | tase pecs jtasc bas tRAL — 
i mn 
ROWWYYY COL YYYXYYXXAZ COL ASYXYVY XY COL N/VYVVYYY YY VV XY YYYVYYY 
; DBA 505 HAA KXIN, £55 DRY 200 KX 
jo : | 
trcs a H Sui aan aN 
ah towr | | 
Ww 
OE 
DQ,-DQ9 


XX] DON’T CARE 
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KM49C512B/BL/BLL CMOS DRAM 


TIMING DIAGRAMS continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 


ma 3 trc 


Vip— 


tRas 


RAS Jick 


roan Vin— 
CAS 


Vit— 


» Ny Ga i WRAITH 


GAS-betore- RAS REFRESH CYCLE — 
NOTE: , OE, A=Don’t Care 


RAS 


ois AS, 


: torr 
ViioH — : 
DQ:-DQ vig, — : ' OPEN 


CAS-before-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A= Don’t Care 


DQ,-DQ,g 
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KM49C512B/BL/BLL a CMOS DRAM 


- TIMING DIAGRAMS continued) 
HIDDEN REFRESH CYCLE (READ) 


———_——______— trc tRC: 

RAS we tar 

Vit- 
CAS ae trad | \\ 

; tasr a tRAH ical . 

Vin— with Xj cu WIVVVV VOU YY VY VY VV VV VV VV VV VV VV 

me AUK BREN SBR DOAN RNA KOO OOK KKKKKY) 
tacs BE tRRH : 

= ViH- WWYVYVYV POIYVVVY VVVVYVYYYV¥ YYYVYYVYVYVYYYVYY VV 
Fe RA | RRO RR AN 
-_* Vid FORAATIATIANAAAAAI AAAI AAAMVVV VY W/V Y\A/ 
Fv MRXXXXXXKKN SSS AXXXXNXXXNNY 


DQ,-DQg 


= NIN 

= SR MNT 
= Ra 
ooo RN aa RRR 


XX DON’T CARE 
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TIMING DIAGRAMS (Continued) 
CAS-before-RAS REFRESH COUNTER TEST CYCLE 


RAS 
CAS Vit— 

Vip— AA/YMA/JV\ A AAANA\AAA/V/VVA/V 
ee KX OVX 
READ CYCLE = 
= « VIH— VAY AAAAA/SYA/WAAAA/A/V9 //\/ 
7 YOANN | NK 

ViH— V, Ta¥aaa¥a¥sVa¥aVa¥aVa"a"aVa¥a’ava¥a¥a¥a"a¥a¥a'a’ava’, A WAV VAT VAVAVAVAVAVAWA' AV, 
oe oe RR KN RRR 
ee 
WRITE CYCLE ee Serene zip 
oe ViH— WIAA A/AA/VVJVV\ AAAS V/A) a vais FRITS 
Wn CARNE ARN 

Vip— AA/A/SVYYVVA/VVVVVVV VV VV YWWVVV VW VV VV VV VV VY NVA SVV VV VV VV 
TE AKL 

| tos tou 
DQ,-DQs ‘i <a er OPEN ( VALID DATA-IN ) 
READ-MODIFY-WRITE tao Ll 
ees Vin— WAVY /VY/V//YV VV VV VV V9 twp AAV /AA/VVVVV 
Ww 1 RRR Lose YK) 


taa-———_ 


Vie~ PAVVVVVYVYVVYVVYVVYYVYYYYVYYVYYVYYV {toca 
SM AU AULUUINiarnienurnannn ir 
(X) é 


| 
toez tos tbH 


| . 
\ \ VALID 
KA DATA-IN 


VALID __/ 
DATA-OUT | 


teiz 


ViioH— 
DQ,-DQg viene 


kX DON’T CARE 
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PACKAGE DIMENSION 


28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 

0.720(18.29) 0.027(0.69) 

0.730(18.54) 
3/8 sia Se 48 
o|o NIQ OMIM FE 
he oO!o wm | | 
3/8 2\S 8h 8S 
3|6 g/8 ele ale 

L_| LJ ist ea 
ial 0.026(0.66) 
0.032(0.81) 0.140(3.56~ - 


0.148(3.76) 


fp ead ge 
HOP RERRLEIRREPTLY 
ah see] L 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


Sco 


0.050(1.27)  ° 
MAX 


0.740 (18.80) 0,03 aces 80) 


tt 


: 0.005 |___ 0.005 1.19 13) 
0.722 (18.36) 0.037 (0.95) 0.008 (0.20) 
0.726 (18.46) 0.041 {0.044 (4.05) 1.05) 
a eee ! 


0.459 (11.66) 
0.466 (11.86) 


0.423 (10.76) 


0.398 (10.11) _ 
0.402 (10.21) 


[S[_on wax] 


0.037 (0.95) | | | | 0.048 (1.22) | 0.016 (0. o} 
‘0.052 (1.32) 0.020 (0.50) 


0.016 (0.40) | | 
0.024 (0.60) — 
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KM416C256B/BL/BLL 


CMOS DRAM 


256K x 16 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES 


« Performance range: 


KM416C256B/BL/BLL-5 
KM416C256B/BL/BLL-6 60ns 
KM416C256B/BL/BLL-7 | 70ns 
KM416C256B/BLU/BLL-8 | 80ns 


« Fast Page Mode operation 
+ 2 CAS Byte/Word Read/Write operation 
- CAS-before-RAS refresh capability 
« RAS-only and Hidden Refresh capability 
« Self Refresh operation (LL-version) 
¢ TTL compatible inputs and outputs 
¢ Early write or output enable controlled write 
¢ Triple +5.0V+ 10% power supply 
¢ Refresh Cycle 
-512 cycle/8ms (Normal) 
-512 cycle/64ms (L-version) 
- -§12 cycle/128ms (LL-version) 
Power Dissipation 
-Standby: 5.5mW (Normal) 
1.1mW (L-version) 
0.83mW (LL-version) 
-Active (50/60/70/80): 605/495/440/415mW 
« JEDEC standard pinout 
¢ Available in plastic SOJ and TSOP II 


FUNCTIONAL BLOCK DIAGRAM. 


Control 
Clocks 


= 


Vec 


eee 


Ves Generator 


Memory Array 
262,144X16 
Cells 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM416C256B/BL/BLL is a CMOS high 
speed 262,144 bitx 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 


The KM416C256B/BL/BLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416C256B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 
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KM416C256B/BL/BLL CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM416C256BJ/BLJ/BLLJ - KM416C256BT/BLT/BLLT - KM416C256BTR/BLTR/BLLTR 


fo) 


1 
2 
3 
4 
5 
6 
7 
8 
9 
1 


0 1 


COON ONAWNH 


(SOJ) | (TSOP (il)-Forward Type) (TSOP (Il)-Reverse Type) 


Pin Name Pin Function 


Ao-As Address Inputs 
Data In/Out 
Vss Ground 
RAS | Row Address Strobe 


UCAS. | Upper Column 
Address Strobe 


Address Strobe 
Read/Write Input 
__ Data Output Enable 
| 


Fin Name | Pin Function 
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CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


Voltage on any pin relative to Vss 


Vin, VouT 


Voltage on Vcc supply relative to Vss 


Storage Temperature 


Power Dissipation 


Short Circuit Output Current 


* 


Vcc 


Rating 
-1 to + 7.0 
-1to + 7.0 


Tstg 


-55 to + 150 


Pp 


1 


los 


50 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 


should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMEN DED OPERATING CONDITIONS (Voltage referenced to Vss, TA=0 to 70°C) 


Parameter 


Supply Voltage 


Ground 
Input High Voltage 


Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol; Min | Max | Units 
KM416C256B/BL/BLL-5 110 mA 
Operating Current* KM416C256B/BL/BLL-6 ee , 90 mA 
(RAS, UCAS or LCAS, Address Cycling @trc=min.) KM416C256B/BL/BLL-7 80 mA 
KM416C256B/BL/BLL-8 75 mA 
Standby Current lec 7 D ma 
(RAS=UCAS=LCAS=W=Vui ) 
+— 
KM416C256B/BL/BLL-5 110 mA 
RAS-Only Refresh Current* KM416C256B/BL/BLL-6 és - 90 mA 
(UCAS=LCAS=Vin, RAS, Address Cycling @trc=min.) KM416C256B/BL/BLL-7 80 mA 
KM416C256B/BL/BLL-8 15 mA, 
KM416C256B/BL/BLL-5 70 mA 
Fast Page Mode Current* KM416C256B/BL/BLL-6 fees 7 60 mA 
(RAS=Vit, UCAS or LCAS, Address Cycling @tec=min.) KM416C256B/BL/BLL-7 55 mA 
KM416C256B/BL/BLL-8 | 50 mA 
KM416C256B 1 mA 
Standby Current 
a : TT Van. KM416C256BL Iccs |r 200 HA 
(RAS=UCAS=LCAS=W=Vcc-0.2V) KM416C256BLL 150 uh 
fe 
a KM416C256B/BL/BLL-5 110 mA 
CAS-Before-RAS Refresh Current” KM416C256B/BL/BLL-6 de 7 90 mA 
(RAS, UCAS or LCAS Cycling @trc=min.) KM416C256B/BL/BLL-7 80 mA 
, KM416C256B/BL/BLL-8 75 | mA 
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DC AND OPERATING CHARACTERISTICS (Continued) 


Parameter 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViH)=Vec-0.2V 
Input Low Voltage(ViL)=0.2V UCAS=LCAS=0.2V 
Din=Don't Care, TRo=125uS 

Tras=TrRas min.~300ns 


Self Refresh Current 
RAS=UCAS=LCAS=0.2V 
W=0E=Ao-As=Vcc-0.2V or 0.2V 
DQ1-DQi6=Vcc-0.2V, 0.2V or Open 


KM416C256BL 


KM416C256BLL Iccs - 200 HA 


Input Leakage Current 


(Any input OV <Vin <Vcc+0.5V, all other pins not under test=0 volts) Mu a 10 HA 
Output Leakage Current 

(Data out is disabled, 0V<Vout<Vec) HO» |e BaO sh | SAB Ae 
Output High Voltage Level (loH=-5mA) VOH 2.4 - Vv 


Output Low Voltage Level (loL=4.2mA) 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
two times while RAS=VIL. In Icca, address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25°c, Vco=5v, f=1MHz) 


fe eee ee eee 


Random read or write cycle time 


Read-modify-write cycle time 


Access time from RAS 


_| Access time from CAS 


Access time from column address 
CAS to-output in Low-Z 
Output buffer turn-off delay 


Transition time (rise and fall) 


RAS precharge time 
RAS pulse width 10,000 | 60 10,000; 70! 10,000 


RAS hold time 


CAS hold time 50 60 . 
CAS pulse width | 48| 10,000 | 15 | 10,000 40,000 


(*) 50ns Product: VCC=5V + 5%, Cout=50pF 


aa 
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KM416C256B/BL/BLL CMOS DRAM 
AC CHARACTERISTICS (Continued) 
-5(*) 6 -7 -8 
Parameter Symboi Units | Notes 
Min} Max | Min) Max | Min| Max | Min| Max 

RAS to CAS delay time treo | 20 20| 50| 20|  60| “ns 

RAS to column address delay time tRAD 15 15 30 [15 35| 15 40] ns 4 
CAS to RAS precharge time tcRP 5 — 5 5 5 ns 11 
Row address set-up time tasR 0 0 0 0 ns 

-| Row address hold time tran | 10 10 10 10 ns 

Column address set-up time tasc 0 0 0 0 ns 

Column address hold time toaH 10 10 15 | 15 ns i 

Column address hold time referenced to RAS tar | 40 45 55 _|_ 60 ns 

Column address to RAS lead time tRAL 25 30 35 40 ns 6 
Read command set-up time tRCS 0 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 0 erie | 
Read command hold time referenced to RAS tRRH 0 0 0 0 ns 

Write command set-up time twcs 0 


Write command hold time 


Write command hold time referenced to RAS 


Write command pulse width twp fof | ol | 10 10 ns 

Write command to RAS lead time tRWL 15 15 15 20 ns 

Write command to CAS lead time tcwL | a5] | asf | 15 20 ns 

Data-in set-up time tDs 0 | fol 0 0 ns 

Data-in hold time tow | to] | 10, 15 15 ns | 10 
Data-in hold time referenced to RAS 55 60 ns 10 
Refresh period (Normal) 8} | 8\ms| 6 
Refresh period (L-version) 64. 64 | ms 
Refresh period (LL-version) 128 128 | ms 

CAS to W delay time 50 50 ns [ 
RAS to W delay time 95 105 | ns 8 
Column address to W delay time 60 * 65 ns 8 
CAS precharge to W delay time ; 65 70 ns 8 
CAS set-up time (CAS-before-RAS refresh) 10 10 ns 

CAS hold time(CAS-before-RAS refresh) 10 10 ns . 

RAS precharge to CAS hold time 5 5 ns 

CAS precharge time (C-B-R counter test cycle) tcpt | 20 20 25 | 30 ns 

Access time from CAS precharge {CPA 30 35 40 45) ns 3 
Fast page mode cycle time tec 35 40 45 | —50 ns 

Fast page mode read-modify-write cycle time | tec | 80 | 80 | 95 | 100 ns 

RAS pulse width Fast Page Mode) | trasp | 50| 100K| 60/ took} 70| 100K] 80| 100K] ns r 


(*) 50ns Product: VCC=5V + 5%, Cout=50pF 


am 
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KM416C256B/BL/BLL | : CMOS DRAM 


AC CHARACTERISTICS (continuec) 
amr flO a 


RAS hold time from CAS precharge | tcp | 30] | 35 | 


CAS precharge time (Fast Page Mode) 


| 
js | | 


nN 
=) nm = |p 
So So ao | 
il 8 
-— 
wn 
ak 
th 


(*)50ns Product: VCC=5V + 5%, Cout=50pF 


KM416C256B Truth Table 


DQ-IN Upper Byte Write 
DQ-IN Word Write 
HI-Z 
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KM416C256B/BL/BLL CMOS DRAM 


phe 
. An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS- before-RAS refresh 
cycles before proper device operation is achieved. 

2. Vinimin) aNd Vitimax) are reference levels for measuring timing of input signals. Transition times are measured 
between Vitimin) and Vit(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 100pF. 

4. Operation within the trcpimax limit insures that tracimax) can be met. trcpimax) is specified as a reference point 

only. If tacp is greater than the specified trcpimax) limit, then access time is controlled exclusively by tcac. 
. Assumes that tacp2trcpimax)- , , 
. tar, twor, tour are referenced to trapimax). 
. toFFimax) defines the time at which the output achieves the open circuit condition and is not referenced 
to Vou or VoL. 

8. twcs, trwo, tcwo and tawp are non restrictive operating parameters They are included in the data sheet as elec- 
trical characteristics only. If twcs2twcsimin) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tewo2tcwoimin), tawo2trwormin), tawo2tawoimin) then the cycle is a 
read-write cycle and the data output will contain the data read from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out is indeterminate. 

9. Either trcH or taaH must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 
read-write cycles. 

11. Operation within the trapimax) limit insures that tracimax) can be met. trapimax) iS Specified as a reference point 
only. If trap is greater than the specified tRapimax) limit, then access time is controlled by taa. 

12. 512 cycles of burst refresh must be executed within 8ms before and after self refresh, In order to meet refresh 
specification. 

13. tasc, tcAH are referenced to the earlier CAS falling edge. 

14. tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 

15. town is referenced to the later CAS falling edge at word read-modify-write cycle. 

16. tcw is specified from W falling edge to the earlier CAS rising edge. 


NOOO 


LCAS 


UCAS 


ADD. OEE PR SR) 


al 


17. tcsr is referenced to earlier CAS falling low before RAS transition low. 
18. tcur is referenced to the later CAS rising high after RAS transition low. 


(eee a en aoe 


UCAS oS 
(—; tour 
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19. tos, tdH is independetly specified for lower byte Din(1~8), upper byte Ding~16). 
CCAS 


UCAS 


tos 
tos tou : 
DOs~DQ 6 OOOO Oo PRES ORROOOORLOLOEKLROOIN 


a a A a aS Liws 


we 


TIMING DIAGRAMS 
WORD READ CYCLE 


tras pe 
ARS Vin — tar : 
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vn — YY x 
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Vii — WA 
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Vou — : . Xx ° ; 
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TIMING DIAGRAMS (Continued) 
LOWER BYTE READ CYCLE 


Tr 
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Vii — 


ee ON 


torp 
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as Vin — 7 x7 7— = bt Wi 
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DQ,.~DQi a 7 OPEN 


UPPER BYTE READ CYCLE 
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KM416C256B/BL/BLL - CMOS DRAM 


TIMING DIAGRAMS (continued) 
WORD WRITE CYCLE (EARLY WRITE) : 
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TIMING DIAGRAMS (continued) 
UPPER BYTE WRITE CYCLE (EARLY WRITE) 
be 
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TIMING DIAGRAMS (continued) | 
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
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TIMING DIAGRAMS (Continued) 
WORD READ-MODIFY-WRITE CYCLE 
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KM416C256B/BL/BLL — CMOS DRAM - 


TIMING DIAGRAMS (Continued) 
UPPER-BYTE READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE LOWER BYTE READ CYCLE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 
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~ TIMING DIAGRAMS (continued) 


FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) ieee 
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TIMING. DIAGRAMS (Continued) 
FAST PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
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TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (Continued) 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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PACKAGE DIMENSION oe 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


1.020(25.91) 0.025(0.64) 
r 1.030(25.16) 7 : r MIN 
zi Y | 


0.395(10.03) 
0.405(10.29) 
0.435(11.05) 
0.445(11.30) 
0.008(0.20) 
0.012(0.30) 
0.365(9.27) 

0.375(9.53) 


C 


a: cane 


Le 
0.130(3.30) 
0.140(3.56) 


Ee LILILICILCICILICILICITCILI 
= 2 0.026(0.66) 
0.030(0.76) 


C)| 0.004(0.1) y 


0.016(0.41) 0.050 (1.27) 0.050(1.27) 
0.020(0.51) TYP MAX 


40 LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) 
(Forward and Reverse Type) 


0.80 TYP 
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CMOS DRAM 


256K x 16 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


¢ Performance range: 


KM416C254B/BL/BLL-5 | 50ns 
KM416C254B/BL/BLL-6 | 60ns 
KM416C254B/BL/BLL-7 | 7Ons 


110ns | 24ns | 


¢ Fast Page Mode with Extended Data Out 
« Byte word Read/Write operation 
- CAS-before-RAS refresh capability 
- RAS-only and Hidden Refresh capability 
* Self Refresh operation (LL-ver) 
¢ TTL compatible inputs and outputs 
¢ Early write or output enable controlled write 
¢ Triple +5V+10% power supply 
¢ Refresh Cycle 
-512 cycle/8ms (Normal) _ 
-512 cycle/64ms (L-version) 
-512 cycle/128ms (LL-version) 
Power Dissipation 
-Standby : 5.5mW(Normal) 
1.14mW(L-version) 
: 0.83mW(LL-version) 
-Active (50/60/70 ): 605/495/440 mW 
« JEDEC standard pinout 
« Available in plastic SOJ and TSOP II 


FUNCTIONAL BLOCK DIAGRAM 


RAS 


Control 
Clocks 


cdr 
22 
S| al 


Sense Amps & !O 


— 
Refresh Counter 
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Ao~As 


Vppb 
Vss 
VBB Generator 


GENERAL DESCRIPTION 


The Samsung KM416C254B/BL/BLL is a CMOS high 
speed 262,144 bitx16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 


The KM416C254B/BL/BLL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides.on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416C254B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 


Memory Array 
262,144x16 
Cells 


Column Decoder 
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Data out 
Buffer _ 


Upper 
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KM416C254B/BL/BLL 


CMOS DRAM 


PIN CONFIGURATION (Top Views) 
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» KM416C254BTR/BLTR/BLLTR 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 


Voltage on Vcc supply relative to Vss 


Voltage on any pin relative to Vss Vin, Vout 


Symbol 


Storage Temperature 


Power Dissipation 


Short Circuit Output Current 


Vcc -1~+7.0 Vo 
Tstg -55 to + 150 °C 
1 WwW 


50 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Supply Voltage 


Ground 


Input High Voltage 


Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol} Min | Max 
Operating Current” KM416C254B/BL/BLL-5 110 mA 
—_ : : KM416C254B/BL/BLL-6 Icc1 - 90 mA 
(RAS, CAS, Address Cycling @trc=min.) KM416C254B/BL/BLL-7 80 sg 
Standby Current _ feos 7 9 aah 
(RAS=UCAS=LCAS=W=VI ) 
SAG KM416C254B/BL/BLL-5 110 mA 
RAS-Only Refresh Current* 
TARE =a : ; KM416C254B/BL/BLL-6 Icc3 - 90 mA 
(UCAS=LCAS=Vin, RAS, Address Cycling @trc=min.) KM416C254B/BL/BLL-7 80 rah 
Hyper page Mode Current’ KM416C254B/BL/BLL-5 70 mA 
Bee ss : : KM416C254B/BL/BLL-6 loca - 60 mA 
(RAS=Vit, ORS: Address Cycling @tec=min.) KM416C254B/BL/BLL-7 55 rn 
KM416C254B 1 mA 
Standby Current 
Ta : eee KM416C254BL Ices - 200 LA 
(RASSUCAS=LCAS=W=Voo-0.2V) KM416C254BLL | 150 | pA | 
aa =a ; KM416C254B/BL/BLL-5 110 mA 
TAS and UCHSLGAS C Sst eas ~ KM416C254B/BL/BLL-6 ics. | - | 90 | mA 
aca sala KM416C254B/BL/BLL-7 80 | mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voitage(Vin)=Vcc-0.2V 
Input Low Voltage(ViL}=0.2V KM416C254BL Icc7 - 300 LA 
UCAS=LCAS= 0.2V 
Din=Don't Care, TRo=125uS TRas=TRas min.~300ns i 
Seif Refresh Current 
RAS=UCAS=LCAS=0.2V 
WeOE=Ao-As=Vcc-0.2V or 0.2V KM416C254BLL iccs - 200 HA 
DQ1-DQ16=Vcc-0.2V, 0.2V or Open 
375 
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DC AND OPERATING CHARACTERISTICS (ontinuea) 


(Recommended operating conditions unless otherwise noted) 


Parameter 


Input Leakage Current iii -10 10 A 
(Any input 0<Vin <Vcc+0.5yV, all other pins not under test=0 volts.) ad B 
Output Leakage Current 

(Data out is disabled, 0V<Vout<Vec) | 0 | 0 | TGS | ee 
Output High Voltage Level (loH=-5mA) Von | 2.4 a yow 
Output Low Voltage Level (loL=4.2mA) VoL - 0.4 V 


-*NOTE: Icc1, Icc3, Icc4 and icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
two times while RAS=ViL. In Icc4, address can be changed maximum once within one hyper page cycle. 


CAPACITANCE (1a=25°c, Vec=5V, f=1MHz) 


Parameter 
Input Capacitance (Ao~As) 
Input Capacitance (RAS, UCAS, LCAS, W, OE) 


Input Capacitance (DQi1~DQ16) 


AC CHARACTERISTICS (o°c<tTa<70°C, vec=5V+10%, See notes 1,2) 
- Test condition : Vir/Vi=2.4/0.8V, Voh/Vol=2.0/0.8V, Output loading CL=100pF 


-5(*) -6 -7 
Parameter Symbol : ——_—_}——_--—— Units | Notes 
| Min| Max | Min | Max | Min| Max 
Random read or write cycle time tRC 90 110 130 ns 
Read-modify-write cycle time trwc | 135 155 185 | ns 
Access time from RAS tRAC 50 60 70| ns | 3,4,11 
Access time from CAS tcac 17 17 20} ns | 3,45 
Access time from column address tAA 25 30 35 ns 3,11 
CAS to output in Low-Z tcLz 3 83 ns 3 
Turn-off delay from CAS tCEZ 13 3 15 3 20| ns 7,14 
Transition time (rise and fall) ; “tr 50 2 50 | 2 50] ns 2 
RAS precharge time tRP 40 50 ns 
RAS pulse width tRAS 10,000} 60) 10,000) 70] 10,000} ns 
RAS hold time tas a | 20| ns 
CAS hold time tcsH 50 60 ns 
CAS pulse width tCas 10,000} 10] 10,000; 15 meen ns 12 
RAS to CAS delay time tRCD 37} 20 45] 20 50} ns 4 
RAS to column address delay time tRAD 25 15 30 15 35} ns 11 
CAS to RAS precharge time tCRP 5 5 ae 
Row address set-up time ___|_tASR 0 2 at 8 |__ns 
Row address hold time | tRAH 10° 10 ns 


(*) -50ns Product : Output Loading (CL)=50pF, Voc=5V + 5% 
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_ AC CHARACTERISTICS (continueg) 


-5(*) 6 -7 
Parameter Symbol a Units | Notes 
Min | Max | Min| Max | Min} Max 
Column address set-up time | _tasc 0 0 ‘} 0 ns 
Column address hold time |_ tcaH 8 | 10 | 15) ns fl 
Column address hold time referenced to RAS tar 40 45 [ 55 ns 6 
Column address to RAS lead time ; tRAL 25 30 | 35 ns 
Read command set-up time tRCS 0 0 [ 0 ns 
Read command hold time referenced to CAS tRCH 0 0 0 ) ns [. 9 
Read command hold time referenced to RAS tRRH 0 0 0 ns 9 
Write command hold time tWCH 10 10 | 10 4,08 
Write command hold time referenced to RAS twcr 40 45 50 | ns 6 
Write command pulse width twp 10 10 | 10 | ns [ 
Write command to RAS lead time tRWL 13 [15 20 ns 
Write command to CAS lead time | tow. 8 10 | 15 ns 
Data set-up time tos | 0O al I 0). ns 10 
Data hold time tDH 10 { 10] 15 ns 10 
Data hold time referenced to RAS {DHR 45 55 ns 6 
Refresh period (Normal) | tREF = 8 8 8; ms 
Refresh period (L-version) tREF 64 64 64; ms 
Refresh Period(LL-version) tREF | | 128 128 128] ms 
Write command set-up time twcs | o| 0 0 ns 8 
CAS to W delay time tcwo | 40 42 50 | | _ns 8 
RAS to W delay time trwo | 73 85 | 95 ns 8 
Column address to W delay time tawD 48 ) 55 | 60 | ns 8 
CAS precharge to W delay time tcpwo| 53 | 60 65 | ns 
CAS set-up time (CAS-before-RAS refresh) tcsR 10 10 {10 ns_| 
CAS hold time (CAS-before-RAS refresh). tCHR 10 | 10 10 ns 
RAS to CAS precharge time || trpc 5 5 5 ns 
CAS precharge time (C-B-R counter test cycle) |_ tort 20 20 25 ns | 
Access time from CAS precharge tcPA 30 35 L 40; ns: 3 
Hyper Page mode cycle time tHPC 20 24 29 ns 12 
Hyper Page mode read-modity-write cycle time tHPRWC | 62 71 | { 81 ns 12 
CAS precharge time (Hyper Page mode) |_tcr 8 10 | 10 ns 
RAS pulse width (Hyper Page mode) tRASP 50 100K! 60 100K) 70 100K! ns 
RAS hold time from CAS precharge 40 |_ns 
OE access time 15 20} ns | 
OE to Output in Low-z 3 ns 
OE to data delay ) 20 ns 
Output buffer turn off delay time from OE 15 3 20; ons | 


(*) -50ns Product : Output Loading (CL)=50pF, Vcc=5V + 5% 
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AC CHARACTERISTICS (continued) 


-5(*) -6 -7 
Parameter Symbol rin | Max_| arr a ag es Units | Notes 
OE commend hold time tOEH 15 eu 20 ns 
Output data hold time ‘| tOOH oh 5 5 | ns 
Output buffer turn off delay from RAS [_ trez es 3[ 15 | 3 20| ns Be 7,14 | 
Output buffer turn off delay from W ae twez | 13) ~3 die 15 3 | 20] ns 7 a 
W to data delay tweD = 15 29 ns [ 
OE to CAS hold time = tOCH {5 2H 5 fs | 
Ge ies time to OE tCHO dns ii = 5 {ns | | 
OE precharge time | toeP 5 5 [ons | 
W pulse width (Hyper Page Cycle) , twPE =e S| __| 5 | ns 
RAS pulse width(LL-ver) “tRASS 100 100 | | #s |__13 
RAS precharge time (LL-ver) +H | 110 ‘| 190 i ns | 13 | 
CAS hold time (LL-ver) tcHs -50 -50 a ns 13 
(*) -5Ons Product : Output Loading (CL)=50pF, Vcec=5V + 5% 
KM416C254B/BL/BLL Truth Table 
RAS | CCAS | UCAS | W | OF |_ DaQi-Das DQo~Dar6 STATE 

H Xx X X xX. HI-Z HI-Z Standby 

bes H H x HI-Z HI-Z "Refresh 

L | L al H H L DQ-OUT HI-Z Byte Read 

L | H | o- j oH ae L HI-Z 7 DQ-OUT Byte Read | 

L cf ot H | ot pa-ouT | D@OUT __| Word Read 

c fo. Te ee H DQ-IN : Byte Write 

L H L L H : _[_ DQUN | Byte Write 
pot a aan L ia Lc [4 DIN | DQIN | Word Write 

L L L H H HI-Z HI-Z si - 
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NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before device operation 
is achieved. 

2. Vin(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are measured 

between ViH(min) and ViL(max) are assumed to be 5ns for all inputs except tHec and tHPRWC. 

. Measured with a load equivalent to 2 TTL loads and 100pF ; 

4. Operation within the trcp(max) limit insures that tRac(max) can be met. trcp(max) is specified as a reference point 

only. If taco is greater than the specified tRcp(max) limit, then access time is controlled exclusively by tcac. 

. Assumes that trop > trcp (max). 

. tar, twCR, tDHR are referenced to trap(max). 

7. This parameter defines the time at which the output achieves the open circuit condition and is not referenced to 
VOH or VoL. 

8. twcs, tRwD, tcwp and tawop are non restrictive operating parameters. They are included in the data sheet as electric 
characteristics only. If twcs>twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tcwo>tcwp(min), tawo>tRwo(min) and tawp > tawp(min), then the cycle 
is a read-write cycle and. the data output will contain the data read from the selected address. If neither of the 
above conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in read- 
write cycles. , 

11. Operation within the trap(max) limit insures that trac(max) can be met. trap(max) is specified as a reference point 
only. {f tRaD is greater than the specified tRap(max) limit, then access time is controlled by taa. 

12. tasc > tcp min, Assume tT=2.0 ns 

13. 512 cycle of burst refresh must be executed within 8ms before and after self refresh in order to meet refresh 
specification (LL-Ver) 

14. If RAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS high going. If 
CAS goes high before RAS high going, the open circuit condition of the output is achieved by RAS high going. 

15. tasc, tcaH are referenced to the earlier CAS falling edge. 

16. tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 

17. tcwo is referenced to the later CAS falling edge at word read-modify-write cycle. 

18. tcwL is specified from W falling edge to the earlier CAS rising edge. 


a 


oo 
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al 


19. tcsr is refernced to earlier CAS falling low before RAS transition low. 
20. tcHR is referenced to the later CAS rising high after RAS transition low 
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CSR ic . 


21. tds, toH, is independently specified for lower byte Din(1-8), upper byte Din(g~16) . 
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TIMING DIAGRAM | 
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TIMING DIAGRAM 
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UPPER BYTE READ CYCLE 
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WORD WRITE CYCLE (EARLY WRITE) 
NOTE : Dout=OPEN 
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LOWER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE : Dout=OPEN 
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PACKAGE DIMENSION 


40-LEAD PLASTIC SMALL OUT-LINE J-LEAD . Units: Inches (millimeters) 
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256K x 16 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


« Performance range: 


tRAC tcac tre 
KM416C156B/BL/BLL-5 50ns 15ns 90ns 
KM416C156B/BL/BLL-6 60ns 15ns | 110ns 
KM416C156B/BL/BLL-7 70ns 20ns_ | 130ns 
KM416C156B/BL/BLL-8 80ns 20ns [ 150ns 
+ Fast Page Mode operation 
¢ Byte Write operation (2W) 


Word Read/Write operation 
CAS-before-RAS refresh capability 
RAS-only and Hidden Refresh capability 
Self Refresh Operation (LL-version) 
TTL compatible inputs and outputs 
Early write or output enable controlled write 
Triple +5V+10% power supply 
Refresh Cycle 
-512 cycle/8ms refresh 
-512 cycle/64ms (L-Version) 
-512 cycle/128ms (LL-Version) 
Power Dissipation 
-Standby: 5.5mW (Normal) 

1.1mW (L-version) 

0.83mW (LL-version) 
-Active (50/60/70/80): 605/495/440/415mW 
¢ JEDEC standard pinout 
* Available in piastic SOJ and TSOP (I) 


FUNCTIONAL BLOCK DIAGRAM 


RAS. 
CAS 

LW 
UW 


Control 
Clocks 


Vcc 
Vss 
VBB Generator 


GENERAL DESCRIPTION 


The Samsung KM416C156B/BL/BLL is a CMOS high 
speed 262,144 bitx16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as minicomputers, graphics and high 
performance portable computers. ; 


The KM416C156B/BL/BLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416C156B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 
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PIN CONFIGURATION (Top Views) 


* KM416C156BJ/BLJ/BLLJ + KM416C156BT/BLT/BLLT ¢ KM416C156BTR/B8LTR/BLLTR 
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[PinName | __PinFunction 
Address Inputs 


Ground 
Row Address Strobe 


Column Address Strobe 


Read Upper Byte Write Input 


| ws Read Lower Byte Write Input 
| OF Data Output Enable 


Vss 

RAS 

CAS 

Uw 

LW 

Vcc Power(+5V) 


No Connection 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 


Voltage on any pin relative to Vss 
Voltage on Vcc supply relative to Vss 


' Storage Temperature 


Power Dissipation 
Short Circuit Output Current 


* 


Vin, VouT -1 to + 7.0 V 
Vcc -1 to + 7.0 V 
Tstg -55 to + 150 °C 

eae Ee 
Pp 1 WwW 
los 50 mA 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 


should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS {Voltage referenced to Vss, Ta=0 to 70°C) 


Symbol 
Supply Voltage 5.5 V 
0 Vv 
Input High Voltage Vcc +1 Vv 
Input Low Voltage V 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol| Min | Max | Units 
KM416C156B/BL/BLL-5 110 mA 
Operating Current* KM416C156B/BL/BLL-6 ee ' 90 mA 
(RAS and CAS Cycling @trc=min.) KM416C156B/BL/BLL-7 80 mA 
KM416C156B/BL/BLL-8 75 mA 
> 
Standby Current 
(RAS=CAS-UW=LW=Vix ) oc ie eae Riu: 
a KM416C156B/BL/BLL-5 110 mA 
RAS-Only Refresh Current" KM416C156B/BL/BLL-6 neh ¥ 90 mA 
(CAS=Vin, RAS Cycling @tac=min.) KM416C156B/BL/BLL-7 80 mA 
KM416C156B/BL/BLL-8 75 mA 
KM416C156B/BL/BLL-5 70 mA 
Fast Page Mode Current* KM416C156B/BL/BLL-6 tec _ 60 mA 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM416C156B/BL/BLL-7 55 mA 
KM416C156B/BL/BLL-8 50 mA 
Grandia Current KM416C156B ia 1 mA 
(AS_CASAUW=LWT-Vc0-0 oy KM416C156BL loos - | 200 | mA- 
Tae Ie OTE, ® . KM416C156BLL | 150 HA 
1 
peas KM416C156B/BL/BLL-5 110 | mA 
CAS-Before-RAS Refresh Current* KM416C156B/BL/BLL-6 ices ; 90 mA 
(RAS and CAS Cycling @trc=min.) KM416C156B/BL/BLL-7 80 mA 
~KM416C156B/BL/BLL-8 75 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vcc-0.2V 
Input Low Voltage(ViL)=0.2V KM416C156BL Icc7 - 300 LA 
CAS=0.2V Din=Don't Care, Tac=125S(L-ver), 
Tras=Tras min.~300ns 
411 


et” 
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DC AND OPERATING CHARACTERISTICS (Continuec) 


(Recommended operating conditions unless otherwise noted) 


Parameter 
Self Refresh Current ; 
RAS=CAS=0.2V KM416C156BLL Iccs 200 LA 
xW=OE=A0-As=Vcc-0.2V or 0.2V 
Input Leakage Current In) -10 10 A 
(Any input 0< Vin <Vcc+0.5yV, all other pins not under test=0 volts.) , uta e 
Output Leakage Current : 
(Data out is disabled, OV<Vout<Vec) low) a ee We 
Output High Voltage Level (lo()=-5mA) VOH 2.4 - V 
Output Low Voltage Level (loi)j=4.2mA) VOL - 0.4 Vv 


*NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Iccs, address can be changed maximum 
two times while RAS=VIL. In Icc4, address can be changed maximum once within one fast page cycle. 


CAPACITANCE ta=25°c, Vcc=5v, f=1MHz) 


Input Capacitance (Ao~As) 


Input Capacitance (RAS, CAS, LW, U 
Input Capacitance (DQ1~DQ16) 


“AC CHARACTERISTICS (0°c<ta<70°C, Vec=5V+10%, See notes 1,2) 


Parameter Symbol = “al mm Notes 


Random read or write cycle time 110 130 150 
185 185 205; | os | 
60 7o| | 


80 | ns 34,11 | 


Read-modify-write cycle time 


Access time from RAS 


Access time from CAS 15 20 20| ns | 345 
Access time from column address 30 | 35 40] ns 3,11 
CAS to output in Low-Z of 0 ae 0 3 
Output buffer turn-off delay 0; = =18 0 15 0 15| ns 7 
Transition time (rise and fall) 3 al 3 + 50| 3 50; ns {| 2 
RAS precharge time 40] 50 [ool ns 

RAS pulse width 1 as “iE 10,000 = 10,000 | 80 10,000 

RAS hold time 15 20 20 

CAS hold time 60 +2 = 80 

CAS pulse width 15 | 10,000} 20 oe 20 | 10,000 

RAS to CAS delay time “20 | ae 20 50 | 20 60} ns 4 
RAS to column address delay time 15 30] 15 35] 15 40 | ns 1 
CAS to RAS precharge time mH s| 45 ns 


Row address set-up time 0 0 0 ns 


(*) 50ns Product:Vcc=5V + 5%, Cout=50pF 
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AC CHARACTERISTICS (ontinuea) 


ee 


ELECTRONICS 


-5(*) 6 7 -8 
Parameter Symbol Units | Notes 
Min} Max | Min} Max | Min) Max | Min| Max 

Row address hold time tRAH 10 10 10 10 ns 
Column address set-up time tasc 0 0 0 0 ns 
Column address hold time tcAH 10 10 15 15 ns 
Column address hold time referenced to RAS taR | 40 45 55 60 ns 6 
Column address to RAS lead time tRAL 25 30 35 40 ns 
Read command set-up time tRCS 0 0 0 |_ns 
Read command hold balls referenced to CAS tRCH 0 0 0 0 | ns 9 
Read command hold time referenced to RAS tRRH 0 0 0 0 ns ) 
Write command hold time twcH | 10 10 10 10 ns 
Write command hold time referenced to RAS twcR | 40 45 50 55 ns a 6 
Write command pulse width twp 10 10 10 10 ns 
Write command to RAS lead time tRWL 15 15 15 a | 20 ns 
Write command to CAS lead time tCwL 15 15 15 20 ns 
Data set-up time tos 0 0 | 0 0 1 ns 10 | 
Data hold time tDH 10 10 15 15 ns 10 
Data hold time referenced to RAS tDHR | 4} | 45 55 60 ns 6 
Refresh period (Normal) "tREF ie 8 8 8| ms 
Refresh period (L-Version) | ter | =| oa | 64 64 64] ms 
Refresh period (LL-Version) tREF he 4 128 128 128 128) ms 
Write command set-up time twcs 0 0 0 ns | 8 
CAS to LW, UW delay time i tow 40 | 50 50 | ns 8 
RAS to LW, UW delay time tRwo 85 [_ 95 105 ns 8 
Column address to LW, UW delay time tawD 55 60 65 | ns 8 
CAS precharge to W delay time tcpwo 60 65 70 ns 
CAS set-up time (CAS-before-RAS refresh) tcsR 10 10 10 ns 
CAS hold time (CAS-before-RAS refresh) tcHR 10 10 15 ns 
RAS to CAS precharge time tRPC 5 5 5 ns 
CAS precharge time (C-B-R counter test cycle) [ tcPT 20 25 30 ns 
Access time from CAS precharge tcPA 30 35 40 45} ns 3 
Fast Page mode cycle time tpc 40 45 50 ns 
Fast Page mode read-modify-write cycle time tPRWC 80 | 95 100 | | ns 
CAS precharge time (Fast Page mode) tcp 10 10 10 ns 
RAS pulse width (Fast Page mode) tRASP 100K | 60 100K | 70 100K | 80 100K | ns 
RAS hold time from CAS precharge tRHCP 35 40 45 ns 

| OE access time tOEA 15 15 20 20] ns 
OE to data delay tOED 15 20 20 | ns 
Out put buffer turn off delay time from OE toEz 15 0 15 0 20 0 20} ns 7 
(*) 50ns Product:Vcc=5V + 5%, Cout=50pF 
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AC CHARACTERISTICS (Continued) 


66 7 8 

Parameter — Units | Notes 
rami at Max | Min| Max | Min| Max 
OE commend hold time toctH | 15 15 | 20 | | a ns 
Masked write set-up time tucs | 0 0 0 0 ns | 
Masked write hold time referenced to RAS tMRH 0 0 0 O| . ns_ | 
Masked write hold time referenced to CAS tMCH 0 0 0 0 ns 

: i 


RAS pulse width (C-B-R self refresh) 
RAS precharge time (C-B-R self refresh) 90 
CAS hold time (C-B-R self refresh) | tows | -s0 


(*) 50ns Product:Vcc=5V + 5%, Cout=50pF 


KM416C156B Truth Table 


DQo9~DQi6e . STATE 
Standby 


Refresh 


Word Read 
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NOTES 


on 


. An initial pause of 200s is required after power-up 


followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 


. ViH(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF 


. Operation within the tacp(max) limit insures that 


tRac(max) can be met. trcp(max) is specified as a 
reference point only. If tacd is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that trcp > trcb (max). 
. tar, twcr, toHR are referenced to tRAD(max). 
. This parameter defines the time at which the .- 


output achieves the open circuit condition and is 
not referenced to VoH or VoL. 


. twos, trwo, tcwo and tawpd are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output: will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), tawo> 
tRwo(min) and tawo>tawon(min), then the cycle is a 


10. 


11. 


12. 


13. 


14 


15. 


16. 


17. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the traod(max) limit insures that 
tRac(max) can be met. trad(max) is specified as a 
reference point only. If trao is greater than the 
specified tRap(max) limit, then access time is 
controlled by taa. 

512 cycles of burst refresh must be executed 
within 8ms before and after self refresh, In order to 
meet refresh specification. 

trcs, tMcs are referenced to the later W rising edge 
at early write cycle. 


. twcs is referenced to the later W falling edge at 


early write cycle. 

tcwL, tRwL are referenced to the later W falling edge 
at early write cycle. 

twcn, twp are referenced to the earler W falling 
edge at early write cycle. 
trwp, tawD, tcwo are referenced to the earler W 
falling edge at Read-Modify-write cycle. 
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KM416C156B/BL/BLL 7 CMOS DRAM 


TIMING DIAGRAM 
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UPPER BYTE WRITE CYCLE (EARLY WRITE) 
. NOTE; Doyt=OPEN tac 


tras. tri 
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WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE; DoyT=OPEN 
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‘LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE; Doyt=OPEN 


tac 
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READ-MODIFY-WRITE CYCLE 


al a 


Vin — 
DQ9~DQ16 
Vi 


trwe 
Vin = 


ae » feste aaa HOKE XXXX aD | 
mee es “ irons 
wD a= ROOK) 
en OOOO ON —/ ! 

ee 


toH |. 
g eel Ee ee 
H— 
> A] VALID 
: Pan=008 Vit — O04 DATA-IN p 
Viq— 
DQ9~DQ16 6 VALID 
Vit 7 A DATA-IN y 


bot DON'T CARE 


419 


Prinsunig 


ELECTRONICS 


KM416C156B/BL/BLL | CMOS DRAM 


READ-MODIFY-UPPER-BYTE-WRITE CYCLE 
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FAST PAGE MODE WORD READ CYCLE 
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FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 
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FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 
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FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE 
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RAS-ONLY REFRESH CYCLE 
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HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS Continued) 


CAS-before-RAS REFRESH COUNTER TEST CYCLE 


| [+ tras 
— Vip— . 
RAS 
Vit— 
tcsr os) er 
a tons J ih 
tascl | ta, aoe | 
aeee eas 
ViH— AAV VA) AA A/YVV/V/V AAJA AAAAAAAS/YVJVYVV/VY 
se SNAIL 06RD RRXXKI 
READ CYCLE = a tac 
CAC —— ey 
ea tee ViH— VY AA MAAASYA/ YA AAAA/V¥9 | rANAA/\/ 
UT NRX ee fied | “NOY 
=: Vin— VY A/JVVYJA/V/)\A ADD AAA AD AAAYVV\A/ toEA | “VAVAVAVAVAVAVAVAVAVAVAVAVA AV, 
3 SARK RRO ANON 
WRITE CYCLE ! iS ll ae oe Gee ale 
en Ch ee ae 

Bo ViH— AMANDA A/SYV\AAA/SVV/MA Itwesi ! WCH VVVVVVVYYVJVVWVVVV V/V/V VV/ 
OT ON ARK KRK XRAY 

; Vie VVVVVVVVYVVV VV VV Y VV VV VY VVVV VV VV VV VVV VV VV VV VVVYVV VV VV VY VV 
FE KIKI 
DQ1-DQ16 Re OPEN (vauooataww 

_ - tcwL 

READ-MODIFY-WRITE tawp I~ trwi-—| 
ee ers, ~ Viq— WAVY AY //VVVVV/YVYV Vig twp SIV /A/JVYVVVYV 
OW ANY [tone RK 


xX 


Vit— X {\ 


ViioH— 
DQ1-DQi6 Vv 
vOL— 


#. 


tc 


_ Vie— AAPYYYVYYAVVYVVVVV VY VY VY VY V\ {toca 
= AXXXXXXXAOXYXY XXX KON irs 


~ taa————4 


toez tps toH 
| 


. : 
Y 
ORs Ex 


VALID __/ 
DATA-OUT 


kX DON’T CARE 


‘a 


ELECTRONICS 


428 


KM416C156B/BL/BLL CMOS DRAM 


PACKAGE DIMENSION 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


1.020(25.91) 0.025 (0.64) 
r 1.030(25.16) = : MIN 


.05) | 


0.008(0.20) 


0.395(10.03) 
0.405(10.29) 
0.445(11.30) 
0.012(0.30) 

0.365(9.27) 
0.375(9 53) 


0.435(11 


7 
0.130(3.30) 
0.140(3.56) 


rH 


| a 0.026(0.66) 
0.030(0.76) 


C)| 0.004(0.1) 


0.016(0.41) 4 | H E 0.050 (1.27) : L 0.050(1.27) 
0.020(0.51) TYP | MAX 


40 LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) 
(Forward and Reverse Type) 
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256K x 16 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


* Performance range: 


KM416C157B/BL/BLL-5 


GENERAL DESCRIPTION 


The Samsung KM416C157B/BL/BLL is a CMOS high 
speed 262,144 bitx 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as minicomputers, graphics and high 


KM416C157B/BL/BLL-6 


performance portable computers. 


KM416C157B/BL/BLL-7 
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Fast Page Mode operation . 
Byte Write operation(2W) 
Word Read/Write operation 
* CAS-before-RAS refresh capability 
RAS-only and Hidden Refresh capability 
RAS-only and Hidden Refresh capability 
Self Refresh operation (LL-version) 
* TTL compatible inputs and outputs 
Early write or output enable controlled write 
Triple +5V+ 10% power supply 
Refresh cycle 
-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L & LL-Ver) 
Power Dissipation 
-Standby: 5.5mW (Normal) 

1.1mW (L-version) 

0.83mW (LL-version) 
-Active (50/60/70/80): 470/385/360/330mW 
+ JEDEC standard pinout 
* Available in plastic SOJ and TSOP (Il) 


FUNCTIONAL BLOCK DIAGRAM 


The KM416C1578/BL/BLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416C157B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 
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‘ Upper DQi6 
Data out ; 


 No~Az Col. Address Buffer 


Column Decoder Buffer 


se” 
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PIN CONFIGURATION (Top Views) 


* KM416C157BJ/BLJ/BLLJ 


° 


{ 
2 
3 
4 
5 
6 
7 
8 


== uf 
N=- Oo 


=—a 
hw 


pn eee wae See 9 
On Oona 


ma 
oo 


+ KM416C157BT/BLT/BLLT 


Vcc 
DQ: 
DQz2 
DQ3 
DQs 
Vcc 
DQs 
DQes 
DQ7 
DQs 


° 


Vss 
DQi6 
DQ15 
DQi4 
DQi3 
Vss 
DQi12 
DQi11 
DQio 
DQe 


ON On kW NH = 


9 
1 


oO 


N.C. 
N.C. 
CAS 
OE 
As 
Az 
As 
As 
A4 
Vss 


+ KM416C157BTR/BLTR/BLLTR 


Vcc 

DQ: 
DQ2 
DQ3 
DQa 
Vec 

DQs 
DQs 
DQ7 
DQs 


4 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Pin Name Pin Function 
Ao-Ag Address Inputs 

DQ1-16 Data In/Out 

Vss ' Ground 

RAS [ Row Address Strobe 

CAS Column Address Strobe 

UW | Read/Upper Byte Write Input 
LW Read/Lower Byte Write Input 
OE Data Output Enable 

Vcc Power(+5V) 

N.C. 


No Connection 
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ABSOLUTE MAXIMUM RATINGS 


(eens eee 


Short Circuit Output Current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMEN DED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


(Parameter | Symbot_[ Min 
Supply Voltage 


mA 


Input High Voltage 
Input Low Voltage 


85 mA 


_KM416C157B/BL/BLL-5 
Operating Current* KM416C157B/BL/BLL-6 (ici 7 70 mA 
(RAS and CAS Cycling @trc=min.) _| KM416C157B/BL/BLL-7 65 mA 
KM416C157B/BL/BLL-8 60 mA 
Standby Current 
(RAS-CAS-UW-TW-Vin) ee es Pe Nie 
sa KM416C157B/BL/BLL-5 85 mA 
RAS-Only Refresh Current’ KM416C157B/BL/BLL-6 lacs : 70 mA 
(CAS=Vih, RAS Cycling @tRc=min.) KM416C157B/BL/BLL-7 65 mA 
KM416C157B/BL/BLL-8 60 mA 
KM416C157B/BL/BLL-5 65 mA 
Fast Page Mode Current* KM416C157B/BL/BLL-6 ao . 55 mA 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM416C157B/BL/BLL-7 50 .| mA 
KM416C157B/BL/BLL-8 45 mA 
KM416C157B 1 mA 
Standby Current 
TAG_GAS_iW_OW Nec. KM416C157BL ; Iccs - 200 HA 
Riso UNebweveeteY) KM416C157BLL 150 | A 
ee KM416C157B/BL/BLL-5 85 mA 
CAS-Before-RAS Refresh Current* KM416C157B/BL/BLL-6 (a _ 70 mA 
(RAS and CAS Cycling @trc=min.) : KM416C157B/BL/BLL-7 65 mA 
KM416C157B/BL/BLL-8 60 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V ’ : 
Input Low Voltage(Vit)=0.2V KM416C157BL Icc7 - 300 LA 
CAS=0.2V Din=Don't Care, TRco=125uS(L-ver), 


TRAS=TRAS min.~300ns 


‘ 
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DC AND OPERATING CHARACTERISTICS (continue) 


(Recommended operating conditions unless otherwise noted) 


‘ Parameter 


Self Refresh Current 


RAS=CAS=0.2V KM416C157BLL Iccs - 200 | vA 
XW=OE=Ao-Ag=Voc-0.2V or 0.2V | 
Input Leakage Current ew -10 40 uA 


(Any input 0< Vin <Vcc+0.5V, all other pins not under test=0 volts.) 


Output Leakage Current 

(Data out is disabled, OV<Vout<Vec) low Peay ean ee 
Output High Voltage Level (loH=-5mA) VOH 2.4 - V 
Output Low Voltage Level (lo.=4.2mA) VoL - 0.4 V 


5 eS Ee ee 

*NOTE: Icc1, Icc3, Icca and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
two times while RAS=VIL. In Icc4, address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25°C, Voc=5v, f=1MHz) 


Input Capacitance (RAS, CAS, LW, UW, OE) 


Input Capacitance (DQ1~DQ16) 


Parameter Symbol see Sate Units |} Notes 
Max | Min| Max 
Random read or write cycle time 
Read-modify-write cycle time trwe | 135 | ons 
Access time from RAS trac | 50 60 70 80} ns | 3,4,11 
Access time from CAS toac | 15 15 | 20 | 20 [ns | 34,5 
Access time from column address taA 25 30 35 40; ns 3,11 
CAS to output in Low-Z tciz 0 0 0 0 ns 3 
Output buffer turn-off delay tOFF 0 15 0 15 0 15 0| 15] ns 7 
Transition time (rise and fall) | 3 50 3 a 3| 50 7 ns 2 
RAS precharge time tRP 30 40 50 60 ns 
RAS pulse width tRAS 50 | 10, 60 | 10,000 | 70; 10,000 | 80) 10000; ns 
RAS hold time . trsH | 15 15 20 20) ns 
CAS hold time aa _| tcsH 50 60] 70 80 ns 
CAS pulse width . j_toas | 15 | 10, 15 | 10,000 | 20 | 10,000 | 20) 10000| ns 
RAS to CAS delay time tRCD 20 20| - 45) 20 50] 20 60; ns 4 
RAS to column address delay time tRAD | 15 15 30 | 15 I 35 15 | 40 |_ns 11 
CAS to RAS precharge time {CRP 5 5 | 5 5 | ns 
+Row address set-up time 


* 50ns Product : Vcc=5V+5%, Cout=50pF 
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AC CHARACTERISTICS (continues) 


; In jax 
Row address hold time traH_ | 10 10 p= eI 10 


Column address set-up time tasc 0 0 0 
Column address hold time - {CAH 10 16 
Column address hold time referenced to RAS 


Column address to RAS lead time 


Units | Notes 


Read command set-up time 


Read command hold time referenced to CAS 


Read command hold time referenced to RAS 


Write command hold time 


Write command hold time referenced to RAS 


Write command pulse width 


Write command to RAS lead time 


Write command to CAS lead time 


‘| Data set-up time 
Data hold time 
Data hold time referenced to RAS 


Refresh period (Normal) 


Refresh period (L,LL-Version) 

Write command set-up time 

CAS to LW, UW delay time 

RAS to LW, UW delay time 

Column address to LW, UW delay time 


CAS precharge to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS to CAS precharge time 

CAS precharge time (C-B-R counter test cycle) 


Access time from CAS precharge 


‘Fast Page mode cycle time 


Fast Page mode read-modify-write cycle time 


CAS precharge time (Fast Page mode) 
RAS pulse width (Fast Page mode) 
RAS hold time from CAS precharge 

OE access time . 

OE to data delay 


Out put buffer turn off delay time from OE 


OE commend hold time 
*50ns Product : Vcc=5V+5%, Cout=50pF 
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AC CHARACTERISTICS (continued) 


Parameter 


Masked write set-up time 


Masked write hold time referenced to RAS tMRH 0 


ns 


Masked write hold time referenced to CAS tMCH 0 0 0 ns 
RAS pulse width (6-B-R self refresh) trass | 100 100 a 100 US 
RAS precharge time (C-B-R self refresh) tres | 90 110 130 150 ns | 


CAS hold time (C-B-R self refresh) 
* 5Ons Product : Vcc=5V+5%, Cout=50pF 


KM416C157B Truth Table 
UW 

X X X Standby 
xX | xX X HI-Z . HI-Z Refresh 
H H L DQ-OUT DQ-OUT Word Read 
L L eral X Word Write 
H L X Byte Write 

Byte Write 
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NOTES 


1. 


ao 


ee 


An initial pause of 200us is required after power-up 
followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 


. ViH(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF 


. Operation within the trRcp(max) limit insures that 


trac(max) can be met. trcp(max) is specified as a 
reference point only. If tacp is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that trcD >trRcb (max). 
. tar, twor, toHR are referenced to tRAD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VOH or VoL. 


. twos, tRwbd, tcwo and tawp are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), tawo> 
trwp(min) and tawo=tawp(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 


ELECTRONICS 


10. 


11. 


12. 


13. 
14. 
15. 
16. 


17. 


of the data out is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max) limit insures that 
tRac(max) can be met. trao(max) is specified as a 
reference point only. If tRaD is greater than the 
specified traD(max) limit, then access time is 
controlled by taa. 

1024 cycles of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification 

trcs, tucs are referenced to the later W rising edge 
at early write cycle. 

twcs is referenced to the later W falling edge at 
early write cycle. 

tcw, tRWL are referenced to the later W falling edge 
at early write cycle. 

twcH, twp are referenced to the earler W falling 
edge at early write cycle. 

trwp, tawo, tcwo are referenced to the earler W 
falling edge at Read-Modify-write cycle. 


436 


KM416C157B/BL/BLL CMOS DRAM 


TIMING DIAGRAM 
READ CYCLE 
NOTE; D,y=OPEN tre 


RAS ~ taR —* 
Vii — 


— al ~ =a 


tise ten | mae 
; a a i 
a QO wcities ROK RIK YOOOQQOOO 
el 
scam ee 0000500000000 0 A Je 00 000 
00 .0.00,000, 


= 7 DOO ARON 
7 : tRAC a tow 
| tow 
a a 


WRITE CYCLE (EARLY WRITE) 
NOTE; Doyr=OPEN trac 


tre 


RAS 
Vit — 


TtRAS 
i 
—— 1H — aa eae y 
os 8 OY — MoE 
ius an: | fa | 

Vin— \7 ->—____, eg aca — VV oot 
MT OR KO BS KOON 


eas ieee 
oN RK OKI 
oe iie hepa armen Fs 
or KKK | RRR 
ce XXX KKK XXX KKK KK AX KKK KKK KOS 
ova 2 XXXL KIN KX RRR 
SE UNUM OCNNONY MEM CCONMAMOAUNWNAOUN 


DON'T CARE 
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‘ 


UPPER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE; Doyt=OPEN 


DQ1~DQ8 


DQ9~DQ16 


: | tre 
tRAS trp 
Vin — 
Vi — : 
tore tesH tcrP 

. 

veer 000, | A ene A, 
= feral 


S| 
Ye EIR | IKK 
= OO) ROK) 
= IKKE HEEL 
=~ RRR KX KKK KKK 


tDH 


i) ES 
w= DOOQOOO XX, ates DOOD IKXKX 


7] Ll 
DON ares KD Sooes OKAY 


LOWER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE; Doyr=OPEN 


DQ1~DQ8 


vm ao EX KX KX KK KK KKK KK KEK KEKE AKAN 


Vin — 
Vit — 
Lf 
me = ’ tcas = Vom = 
KY wot A a 
tasr tra Bi > tRAL — 
Vin — \ oT / “ =a = YY YY Y | 
ve YOON scores YX) fa A 
Vin — TO al ie WAVAVAVAVAV 
> a eco ec0: 
ine Gee twcs twcH = , 
XR | RK XE KEKEXEKKERE 
W~ WAV VV VV VVYVVYY YY 
ie AAA IAA ANAK AAA XANAX AAAI AAAK 
; tos-—— tou = 
vt —XXXXXXKXASL PATA PROX KAKA KKK 
¢, 


KY DON'T CARE 
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WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE; Doyt=OPEN 


tras tap 


tore tesu ‘ terP 
treD tASH 


aa : CAS ‘ 
= =O | h a 
< L HOE KOOX 

tow 


se ee 
m= RXKXK KKK XK ERK KERR 


POR 
w 22 KXXKXKKXKK KEIN XK RK K EEN 


2) aaa AS ae 
= XO = | FREER 
par-poe \f — OR owmn  PROOQQQOOOOQOQOOO 
| Vi — rn poh TLV VV ML 
none 6 EE ACCUCTACCCNN 


UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE; Dout=OPEN trc 
Vin — 
Vit — 


tcrP 
treo TRSH 


— J oy tcas 
me XY m— AY = 
tRAH 
tase tasc 


{q— - 
sem QO pwoness DUM sconess_} COW 
wD OA OOOO KK 
i aaa =o 


wt OOOO oar 
a OY RK X XE 
SER ERCCCMMHNNMNUUNMNMMNMONOOANINONNON 
sro iy SEED HUM ONCUNEON 

DON'T CARE 
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LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
‘NOTE; Doyt=OPEN 


RAS Vin = tras 


. =a an : 

_ iphee 1) CBE KOKO a 

co 2 XXX 
Wo RXXXRXXXMXXXA” HOXKXXXXXX KX 
= ROO | MRO 
cova Cy se KEXXXXXXKOK 
roe > REKKKKXKKKXXK KKK XKXEKX KKK 


READ-MODIFY-WRITE CYCLE 


trwc 
Vin — 


=e 
A : ae das aad aea= — ROOK a 
—- Ss XXXKE 
as are Sy cuneee 
wn XXKXKX XO ls 


DQ1~DQ8 


Vi si 
pag-pais *" 
Vii 


we DON'T CARE 
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READ-MODIFY-UPPER-BYTE-WRITE CYCLE — 


trwc 


tRAS 
ViqH — 
RAS 


——— 7 oes | 

uae 06 tcas 
oo ies im 
7 it | 


tasR 


natee maiaarccecesoocesele 
MG We AKRON 
mM —— aye ROXXXK 


MRH 
tmcH 


wT a KXXKAAX 
oe XNXXXXXXXKXKX)N 


Pig Xe 
as 


Dar-Dae 4, | ae 5 om OOOO 
ae al =x to 
DQ9~DQ16 = a ~y a) bs ( ne — 


READ-MODIFY-LOWER-BYTE-WRITE CYCLE 


tawc 


RAS 
Vi — 
tcrP 


= — El ass CAS 
os WY [ES =a ie 
ee «0 eae. : ee CTE 
— tMRH 
om OT i ) ROS 


toeEz 


ae AP 
“TA / tags N Or oa ( = 


mT = be POON 
or ; : - SE ts ls 


DQ1~DQ8 ate: LW" DATA-OUT DATA-IN 
_ Ee 
oon Sn Bris Se WNNHNNNNNMACUA 
0) NAN AN AN ANN AN AN ANY AN A ASV AV 


KY DON'T CARE 
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FAST PAGE MODE WORD READ CYCLE 


tRASP tap 
Vin — 


. ae 
AAS tRHcP 
Vi — 


eS = ee 
ery 


CAH 
Ke Ee OEEO Asoness KX 
oi 


EY Me 
— ma ims 
f |. XX 


SD 


tcPA 


= 2 OO TONEY, au CEES Sogo 
es teac es he 

DQ1~DQ8 “i em | ie | = aaa “= 
. Ee i apele 
RAC lOEZ [ES EZ 

DQ9~DQ16 .: ; 4 {onsen YF HE me ) re nae out ) 


| FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 


tRASP. tre 


Vin TAR tRHCP 
RAS 


a 


~ =P Paley} tet ay 
tAsR = tran | toa 
ROC OFX AX scones ene 


Vi rater 


wo OO alan iva =n NW 
we OX eS ite a") rola = ane MOOK 


Paw eal 3 aera | a ee 
YT XXXXXXXXXKXXKKMS EXO HX XXX 
i nee ng rpg 
oar-008 vy. AKO, oti RS = QIK 


sah == ans be ac ia ae 
ont: FO HOE) OOO 
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FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE; Doyr=OPEN 


trRasP tRP 


RAS: Viq — trHCP 


ae aL = 
= Wy | set be af 
es ef 


me ae a EOE ON cee ae ae AoRESS SKU 

me os yaa LSND 
Pee eg fe bed 

a -ammo[~ ¥ een 


OM = FEE) ROY IONE 
Pe fo oa ak i een Loto : . 
car-oos * XOXKKKK EA ROE OC OOO 


can con ™— KYKKKN OE OE NN 


FAST PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE; Doyt=OPEN 


Vin — tRHCP 


trasp tre 


RAS 


: Vi — 4 
o =D Sao 


tasR CAH 
Viq — XN ROW aan COLUMN Sse ah % = 3K 


ADDR chee 


™ : XOXXXX ai see Nee 
om = OO _hant ils or = 


+ tom — 


oF : i 
cores EOE i ss OY) 


008-0018 — QW OOOO OOOO 


KY DON'T CARE 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 


trasP | tree 


RAS _ 
tPRWC tRSH 
tcrP 
Vin — 
CAS Wes 
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ee OXY 
Uw Viq — 
Vi— 
A YT 
| | | 
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ee 
DQ1~Da8 ae ) 
Dag-Da16 a ) 
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FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 


tre 


sed Pe eal 


Vie— tCSH 


RAS tar 
Vit — ; 
: teRwc 
tcrp. 
Viq — tcas 
CAS i 
Vi — 


= i al 
an 
: OE OOOON 


A oo ON io 4 


Ge X VE i 
iets = 


tcPwb 


oF ae ile ROY 


OE ViqH — 
Vit — 
2 : 
vi : 


DQ1~Das ee rE m * oon 4 a Fh 
te 
pas-pate *"— FY We : HA yw 


(| aoa 


VALID VALID VALID VALID 
DATA-OUT DATA-IN DATA-OUT DATA-IN 


XY DON'T CARE 
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FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE 


tRASP tae 


——t 
= KXXXXXXXY) 


RAH a 
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on 


aaa fae as 
A ioe ii SAK  acaias : 
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te.z 
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DATA-OUT DATA-OUT 
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RAS-ONLY REFRESH CYCLE 
NOTE; UW, LW, OE, Dyy=Don't Care Doyt=OPEN 
tac 
tre 


Vin — tras 


torp trec 


a wy 
vi — NAAXAAY OY 


tasr | | tran 


CAS-before-RAS REFRESH CYCLE 
NOTE; UW, LW, OE, A=Don't Care 


trac 


AAS Vie — tras 
Vi — trec tRPCG 
top tesr i 
Vin — TWWIUVYYUVY VY VV 
Vou 
DQ1~DQ16 Ws : OPEN 


CAS-before-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 


RAS ViH 
Vit — 
_ Vis YY VY YS 
os WH LEYS 
Vou 


XX] DON’T CARE 


PSnmsungg ~ 


ELECTRONICS 


KM416C157B/BL/BLL ) CMOS DRAM 


HIDDEN REFRESH CYCLE (READ) 


tre tRC 


Vin — tras tras 


RAS a as ’ trp. 
aad re , tcHR 

os XY wo TT ome 
tasr trai _ 


pa EY tee nes Seren . 
ROSE OC Be OO 
a a 
mS OOOO TTT RE ROQOOOOOOK 
» OOOO 
= BOCCONI AOD 
a | 
| a 
a 


DATA-OUT 


Vin — 
DQ9~DQ16 remem ()PEN 
Vit — 


HIDDEN REFRESH CYCLE (WRITE) 
NOTE; Doyr=OPEN 


Ri 
RAS Vin — : tras tRAS Rea | 
‘ Vii — tap 


: tore a - trep tASH tcHR 
mT XY | Ene A y_/ 
; RAH taac 7 
sR MO BE MOOK 
mS XXXL FIR KKK 
we IOXXXKXXKKN | [WRK XXKXRXXEKERERE 
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ie fou 
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(i 
wwson - OXXXXKXKKM e_ KXXXKXXXKKKKXAENY 
KX DON'T CARE 
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TIMING DIAGRAMS (Continued) 
CAS-before-RAS REFRESH COUNTER TEST CYCLE 


_ cae RAS —er o> TRP 
RAS Vai— 
tosh | Us tcHR- topT tRSH ——__— 
mw cae a 
| ASC 
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: 1 RRR s00ress RRA RR KK 
READ CYCLE Seay ee 
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oi Vin— VYVVVVVYVYWVV/\AASYYJYYVYVA A/VYJVVVYV/ tOEA YY YY VV YYVYYYYVXY 
oe Vane RRL AXE 

c nom torr 

DQi-DAr6 ne OPEN (\) ( VALID DATA-OUT 
WRITE CYCLE J ie 
ee ViH— VAN ALA/A/IY\AAA/SV V/V ties = TAVAVAVAPAYAATATAvA¥ANAVAVANANA¥ava"a¥ 
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Da1-Dar6 a OPEN aos 
READ-MODIFY-WRITE tawo Se ec 

—_ RCS fens a4 
a ViH— AKKANAKAIUAAIIV AVIV twe , AWVVVVWVVYVVY 
DOW RAY tac KY) 
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PACKAGE DIMENSION 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


1.020(25.91) : 0.025(0.64) 
1.030(25.16) ; 1 MIN 
PIP Pi a a 


.05) 


0.008(0.20) 


0.395(10.03) 
0.405(10.29) 
0.445(11.30) 
0.012(0.30) 
0.365(9.27) 
0.375(9.53) 


0.435(11 


| 
0.130(3.30) 
0.140(3.56) 


LILICICILTICILICICICICILCICICLICICICIJ CICLO 
0.030(0.76) 


Glocowor] 


iE HARA AR AAR AAA 
0.016(0.41) | , 0.050 (1.27) J 0.050(1.27) 
0.020(0.51) TYP MAX 


40 LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) 
(Forward and Reverse Type) 


0.80 TYP 


1.20 MAX 
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KM418C256B/BL/BLL CMOS DRAM 
256K x 18 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES GENERAL DESCRIPTION 


* Performance range: 


KM418C256B/BL/BLL-6 


KM418C256B/BL/BLL-7 
KM418C256B/BL/BLL-8 


Fast Page Mode operation 
2 CAS Byte/Word Read/Write operation 
CAS-before-RAS refresh capability 
RAS-only and Hidden Refresh capability 
Self Refresh operation (LL-version) 
TTL compatible inputs and outputs - 
Early write or output enable controlled write 
Triple +5.0V+ 10% power supply 
Refresh Cycle 
-512 cycle/8ms (Normal) 
-512 cycle/64ms (L-version) 
-512 cycle/128ms (LL-version) 
Power Dissipation 
-Standby: 5.5mW (Normal) 

1.1mW (L-version) 

0.83mW (LL-version) 
-Active (60/70/80): 525/470/440mW 
¢ JEDEC standard pinout 
¢ Available in plastic SOJ and TSOP II 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


The Samsung KM418C256B/BL/BLL is a CMOS high 
speed 262,144 bitx 18 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 


The KM418C256B/BL/BLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM418C256B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 


Lower 
Data in 
Buffer 


Cells 


Memory Array 
262,144X18 


to 
“DQ g 
Lower 
Data out 
rad Buffer 
2 OE 
7 E Upper 
= Data in 
< el Buffer 
. DQio 
5 to 
02) Upper 


Data out 
Buffer 


td” 
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KM418C256B/BL/BLL CMOS DRAM 


PIN CONFIGURATION crop views) 


* KM418C256BJ/BLJ/BLLJ * KM418C256BT/BLT/BLLT * KM418C256BTR/BLTR/BLLTR 


ce) 


1 
2 
3 
4 
5 
6 
7 
8 
9 
1 


o 


(SOJ) (TSOP (il)- Forward Type) (TSOP (Il)-Reverse Type) 


Pin Name Pin Function 
Address Inputs 


DQi18 Data In/Out 


Ground 
Row Address Strobe 


Upper Column 
Address Strobe 


Pin Name| Pin Function | 
Address Strobe 

ReadiWrite Input 

Data Output Enable 


Power (+ 5V) 
No Connection 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative to Vss Vin, Vout —-1 to +7.0 


Voltage on Vcc Supply Relative to Vss Voc —1 to +7.0 
Storage Temperature Tstg —55 to +150 
Power Dissipation Pp 


Short Circuit Output Current los — 50 mA 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 
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KM418C256B/BL/BLL ~ CMOS DRAM 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Parameter Symbol Min Typ ; Max Unit 
Supply Voltage Vcc 4.5 5.0 5.5 Vv 
Ground | Vss 0 = 0 ~y 0 V 
Input High Voltage f ViH 2.4 — Vcc + 1 V 
Input Low Voltage VIL -1.0 i — 0.8 V 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol| Min | Max | Units 


KM418C256B/BL/BLL-6 


bernie Carat KM418C256B/BL/BLL-7 lect - | 85 


(RAS, UCAS or LCAS, Address Cycling @trc=min.) 


KM418C256B/BL/BLL-8 80 mA 

Standby Current ies 9 ik 
(RAS=UCAS=LCAS=W=Vu ) 

RAS-Only Refresh Currerit* KM418C256B/BL/BLL-6 95 mA 

(UCAS=LCAS=Vin,RAS, Address Cycling @trc=min,) KM418C256B/BLU/BLL-7 ee ie 

, , : KM418C256B/BL/BLL-8 80 mA 

Fax Page Made Curent eee | oe 

(RAS=ViL, UCAS or LCAS, Address Cycling @tec=min.) KM418C256B/BL/BLL-8 50 A 


KM418C256B 


Standby Current 
ae eee eae A KM418C256BL Iecs - .| 200 HA 
(RAS=UCAS=LCAS=W=Vcc-0.2V) KM418C256BLL 150 aA 
t— zh + i: 
CAS-Before-RAS Refresh Current* KMNISG eas 5/BI BES = ms 
(RAS UCAS or ECAS Cycling @tac=min.) KM418C256B/BL/BLL-7 Icce - 85 mA 
KM418C256B/BL/BLL-8 80 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vcc-0.2V 
Input Low Voltage(ViL}=0.2V, xCAS=0.2V KM418C256BL Icc7 -. 300 BA 
Din=Don't Care, TRc=1254S 
Tras=Taas min.~300ns | a 
| Self Refresh Current a 
RAS=xCAS=0.2V KM418C256BLL Iccs - 200 HA 


W=OE=Ao-As=Vcc-0.2V or 0.2V 
——— 0.2V or Open 


Input Leakage Current 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) 


Iu) -10 al LA 
loi) -10 10 LA. 


Output Leakage Current 
(Data out is disabled, OV<Vout<Vcc) 


Output High Voltage Level (loH=-5mA) 


Output Low Voltage Level (lo=4.2mA) 


*NOTE: tcc1, Icc3, |cca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
two times while RAS=ViL. In Icca, address can be changed maximum once within one fast page cycle. 
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KM418C256B/ BL/ BLL ; | | CMOS DRAM 


PAP ACIIANGE (Ta=25°C, Vec=5V, f=1MHz) 


ee 


Input Capacitance (Ao~As) 


Input Capacitance (RAS, LCAS, UCAS, W, OE) 
Input Capacitance (DQ1~DQ18) 


“AC CHARACTERISTICS (0°c<Ta<70°C, Voc=5.0V+10%, See notes 1,2) 


Parameter Symbol Units | Notes 
Min; Max | Min| Max | Min| Max 
Random read or write cycle time tre | 110 130 150 ns 
Read-modify-write cycle time trwc | 155 185 205 ns 
Access time from RAS [ trac 60 ies ef 70 il ns | 3,4,11 
Access time from CAS tcac teal. 20 20| ns |. 3,4,5 
Access time from column address taa 30] 35 40 lhe 3,11 
CAS to output in Low-Z tz | 0 0 | [ 0 ns 3 
Output buffer turn-off delay tOFF 0 15 0 15 0 15} ns 7 
Transition time (rise and fall) tr 3 50 3 50 3 50] ns 2 
RAS precharge time trp 50 60 - ns 
| RAS pulse width tras Bae 10,000| 80] 10,000| ns 
| RAS hold time peo fea 20 ns 
CAS hold time tCsH | 60 | 80 ns 
CAS pulse width toas | 15 | 10,000| 20| 10,000] 20] 10,000; ns | . | 
RAS to CAS delay time tRCD 45| 20 50| 20 T 60 | ns 4 
RAS to column address delay time tRAD 30 | 15 35| 15 40| ns 11 | 
as to RAS precharge time tcRP 5 5 ns 
Row address set-up time { tASR [ ) ; 0 ia ns i 
Row address hold time tRAH 10 | 1o| |_.ns 
Column address set-up time tasc 0 0 | ns 
Column address hold time tCAH 15 15 ns 
Column address hold time referenced to RAS tar 55 60 ns ia 6. 
Column address to RAS lead time tRAL | 35 ih ‘i 3] ns 
Read command set-up time tRCS 0 0 ns 
Read command hold time referenced to CAS ' tRCH 0 0 | ns 9 
Read command hold time referenced to RAS | tRRH 0 0 ns 
Write command Set-up time twcs 0 0 “ns ; 
Write command hold time twcH 10 10 ns 
Write command hold time referenced to RAS twcrR 50 55 ns 6 
Write command pulse width . twp 10| 10 ns 
Write command to RAS lead time | tRWL 15 | 20 ns 
Write command to CAS lead time tow. 15 20 ns 
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KM418C256B/BL/BLL CMOS DRAM 


AC CHARACTERISTICS (continued) 


-6 -7 -8 
Parameter Symbol Units | Notes 
Min; Max Min | Max Min | Max 


Data set-up time 


Data hold time 15 15 ns 10 
Data hold time referenced to RAS 55 60 ns 6 
Refresh period (Normal) 8 = 8 8; ms 

Refresh period (L-version) 64 64 64| ms |- 
Refresh period ial 128 | 128 128] ms | 


CAS to W delay time tcwb 
RAS to W delay time tRWD 


Column address to W delay time tawD 


CAS precharge to W delay time 


CAS set-up time (CAS-before-RAS refresh) __|_tesr | 10) 10 ns 
CAS hold time (CAS-before-RAS refresh) tCHR = 10 E 10| =f 
RAS precharge to CAS hold time ic 5 5 5 ns 
CAS precharge time (C-B-R counter test cycle) tcPT 25 | 30 ns 


Access time from CAS precharge 35 40 45) ns 3 


Fast Page mode cycle time l tee | ao] | 45 50 | ns | | 


Fast Page mode read-modify-write cycle time 8} _| a 100 ‘ns 

RAS ale width (Fast nioe mode) | tease | 60/ 100K} 70| 100K] 80 | 100K| ns 
imine |e s| | ol | a ns 

CAS precharge time (Fast Page mode) ns 

Access time from OE ns 

OE to data-in delay time ns 

Out put buffer turn off delay time from OE ns = 
OE commend hold time ns 

me pulse width hal -B- R self eueneell HS 12 
| | 
CAS hold time (C-B-R self refresh) ns 12 


KM418C256B Truth Table 


| 


Standby i 


Refresh 


7 Lower Byte Read 


Upper Byte Read _ 
ul ; |. Word Read _ 
: : _ Don't Care _ Lower Byte Write 
Don't Care _ DQ-IN__|_ Upper Byte Write 

DQ-IN | DQIN “Word Write 


Hi-Z Hi-Z _ 
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KM418C256B/BL/BLL | | CMOS DRAM 


badd 


. An initial pause of 200Qus is required after power-up foliowed by any 8 RAS-only or CAS- before-RAS refresh 
cycles before proper device operation is achieved. 

2. Vir(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are measured 
between Viximin) and Viimax) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 100pF. 

4. Operation within the tacp(max) limit insures that tracimax) can be met. trcpimaxy is specified as a reference point 
only. If tacp is greater than the specified trcpimax) limit, then access time is controlled exclusively by tcac. 

5. Assumes that tacp2trcpimax)- 

6. tar, twor, tobHR are referenced to tRapimax)- 

7. toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced 
to Vou or VoL. 

8. twcs, trwo, tcwo and tawp are non restrictive operating aprameters. They are included i in the data sheet as elec- 
trical characteristics only. If twcs2twcsimin) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tewo2tcwoimin), trwo2trwo(min), tawo2tawoimin) then the cycle is a 
read-write cycle and the data output will contain the data read from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tacH or tary must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 
read-write cycles. 

11. Operation within the tRapimax) limit insures that ee can be met. trapimax) is specified as a reference point 
only. If trap is greater than the specified trapimax) limit, then access time is controlled by taa. 

12. 512 cycles of burst refresh must be executed within 8ms before and after self refresh, In order to meet refresh 

. specification. 

13. tasc, tcAH are referenced to the earler CAS falling edge. 

14. tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 

15. tcwp is referenced to the later CAS falling edge at word read-modify-write cycle. - 

16. tcw is specified from W falling edge to the earlier CAS rising edge. 


CCAS 
UCAS 
ADD. RK KXLY a2 RRS 
Ww 


17. tcsr is referenced to earlier CAS falling low before RAS transition low. 
18. tcur is referenced to the later CAS rising high after RAS transition low. 


RAS 


LCAS 


UCAS 
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KM418C256B/BL/BLL | CMOS DRAM 


19. tps, toy is independetly specified for lower byte Din(1~9), upper byte Din(10~18). 


tos tox 


Dar 00e ORR On FREER EELS OOO 
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TIMING DIAGRAMS 
WORD READ CYCLE 


RAS 


tore ; tasH : 


Vii — 


—_- Vw — AAV 
=P T_T 
tasr 
Et a 
LN 


5 tet ty SKK XK EX XXL KKKKX 
trap tarH 
tres 
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sg 
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‘Ol 


YY 


Vin YYY YVY YY YVY YY YY YY YY uVavava) Soren 
BE RRL | BRR KKK 


toac 


trac Lo. 

Vor — 20%, 
BOND: AO ee WX VALID DATA-OUT ’ 
Rx DON'T CARE 
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TIMING DIAGRAMS £(continueg) 
LOWER BYTE READ CYCLE 


RAS 


S| 


 V~-Q 


DQ, -DQg 


V, 
DQ; o-DQig 
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Vin tar 
a = nae Coen = 
a 
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UPPER BYTE READ CYCLE 
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TIMING DIAGRAMS (continued) 
WORD WRITE CYCLE (EARLY WRITE) . 


tras _———l 
Vig 
Ras" tar 
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ey trsH 
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TIMING DIAGRAMS (continued) 
UPPER BYTE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (continued) 
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
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TIMING DIAGRAMS (continued) 
WORD READ-MODIFY-WRITE CYCLE 


—- Y ee VYVYVVVYVY VY VYYVVYVYVYYVYVYVYVYY Y 
8 Ye OO be PROM anores PRS KKK 
es AXKKXXAN) 


Vin — 
Vi — 


twe 


reehn 
toca 
Vin — PYYYYIIYVY YY VY VY YP VY 
TE SRK _| 


OLA) 


fae ee . ie 

Vou ~~ LX) ; UV) 

ae oe eT es EE 
toz 


LOWER-BYTE READ-MODIFY-WRITE CYCLE 


trwe 
tras tre 

Vin 
BAe Vir tcrp trec 

Vin _ ‘of 
UCAS Gea Oy 

Vin mm SAY 
oe OY alee | Ne EH 
mM Feo PRON nooaees DOK KKK KK KRIS 

Via — 7 =: ede 
Wo aes aa QR 


Ve — RRO Tae 


LAAAAALARS 


Vin — FRAY 
& XXX) 


| 7a sR fe tos | [ton 
Von | ey 9, 
caso, Yor wy ee ED 
Vuow — iz 3 : 
DQ10-DQ13. eT eeeemmenms ()f Fj 


ELECTRONICS 


KM418C256B/BL/BLL | | _ CMOS DRAM 


TIMING DIAGRAMS (continued) 
UPPER-BYTE READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE LOWER BYTE READ CYCLE 
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ra torr 
eos trac ree eel [se EX ee 
mon OG OGE}OGE 
toiz teiz 
DQio-DQig He 7 ioe eeaennannes OPEN 
FAST PAGE MODE UPPER BYTE READ CYCLE 
RAS i : a tar , trHcp 
ie : mi . 
nH XYX¥ tcas tcas tcas 
we = 75 
eed = = 
coms "YY 
Vu —~ fe tasr a ral 
ae L 
A : _ XX 538 eh eR a as Ca eR = L SOLUMN, ROY 
Vin 7 Y (X Ted tet ee TE 
We KRY a y Ho RX 
Vin — y, YVV ) Y 
ve OO | A oan won f pee xx Ate 
Saunas Vou — feck ‘toga | + tor 
VoL — am iskels aa a pane 
trac 
DQ1o-DQie ie ' ity Oy otiau © DOM vatAour | pont y OE DATA-OUT aeoueD 


teiz 


Kd DON'T CARE, - 


PSimsunig 
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KM418C256B/BL/BLL | CMOS DRAM 


TIMING DIAGRAMS (continueg) 
FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 


trase trp 


Vin 7 t 
AS - ‘AR 


tore 


tec we 


aa 
—— Va- a tcas 
UCKS YY =a 
Vii ~ 
_N =a 
poe — tec = trsH 
— = tcas 


: Vin — \/ ~— 
(CAS wy 


Vi 
Vie 

A “ SS ROW | et aa 7 als 
Vi— 


xX eee ADDRESS xX ar DDRESS DE Sam 
RTI et sone OEE O00 


[le 4 ie 
BE OY are OY YY 


YK SOON sets ¢) 
ee 


mons SSEEERREN SE HORNE ONE OEE 


tour 


FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE) 


trasp tap 


=i. 


Vin 
Vii — 


— tar 


tcrp A trec 
a ee 


RAS 


Vin — 
UCR OY 
Yu — XO tcap 


os OF =e 
Te Neet 


tasr 


ROW ia en COLUMN COLUMN ith Y ={f 
ahs YOY 


Vin — PRAY 
A “SON ADD KOK ADDRESS isis mae KOO 
Vin — 
We BRK ii rhode lel tla fos er OX 
m= Htom——f ECT — tow : 


tou 


TE AS wee SON cm QO 
00-0, KN MEAG Rae RQ onan PRS 


toxr 


Vi \/\/ S/S x \PU xX VY 
DA ro-D0%s SOOO GOON U UUiUeNeUcNEUaUc Ni HeUcNeU UAE MeN CUENEMsUcA cde Nedieiel 


Ka DON’T CARE 
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KM418C256B/BL/BLL , CMOS DRAM 


TIMING DIAGRAMS (continued) 
FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 


trasp ; tap 
Vin — 


RAS a 
Yer tore 
tec tec 
| | cp f-—— top tes 
t 


ie a , 
ia aes i ees 


Ai —_— Vave* ae: 
roms" _ XX [gg aca ag 
: tasr 
ee | jf] aS ee 
Vu — XX) ae WRYy COLUMN Ry COLUMN KKK? 
x 


A Vi — WN: ADD ADDRESS KY Ow ( Ronees ERK) 

= Vin - POAT VVYVVYV VV VAY, Lay, ee WAY, 

ee SESE NAL Yee 
PY tow. tow. “= tow, = fae 


‘ Vin — YVY VAVAVAVAWAY, Y VYVSYYYVSSYYSYYVY YYZ Y SSS SVJ ASS YY SYS SJ SJVSY VV 
cy SO A 
a OO IK KN 

tou 
Dar D0 KOK _ Ae, DESK orn DOKL or. PRR 
tour 


FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE 


a a trasp = 
RAS oy, — a = ie 
caametee.0.8 ile = if J / 
ot ESS 
cos OO S\= = [7 
. ea eh ae a Dp jt 
a avavan TYYVYVVY AA AAT AA ATA AAA AVA AT AY, 
© -RRQO se Paconess OOOO scores PROUD 
t }———~4 
RAD | oH twp 


- Vin COCCCOOO IE 
Vii — OXXXKY | 


am 
i 


im 
a eee 
AA 
tracy —= 
a 
DQ,-Dai, WOH ON POH) 


Vuo. — Ny 


teiz 


ae 
x) YY 
LY 


cf : 
G XS Yy XS 
(Xi) 
Ce Be 
t 
VALID DATA-OUT VALID DATA-IN . VALID DATA-OUT — VALID DATA-IN 


OM DON’T CARE 
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KM418C256B/BL/BLL | CMOS DRAM 


TIMING DIAGRAMS (Continued) 
FAST PAGE MODE LOWER BYTE READ-MODIFY-WRITE CYCLE 


trasp _ tap 
RAS Vin tar 
Vie = tcrp 
Vin — 7X NF 
UCAS 
Yo= WY terp 


oe 3% 


A oy OD rey fan XXX ma ADDRESS OOXXK 
ie is 
wo HT KRRRX al a SHEE =e 


Vi — XY ‘cwD 


% Se 
OE sae XI toes 
: any ie ea 
Sed i 
Vion — | AG KX Y 
DQ, — ey Ox} OK . ms (ci ane XXXY 
Aoi he ani VALID DATA-OUT VALID DATA-IN 4 VALID DATA-OUT VALID DATA-IN 
DQip- DQ, 3 —_—SS ren 
FAST PAGE MODE UPPER BYTE READ-MODIFY-WRITE CYCLE 
trasp ave 
Viq — 
RAS Va — has a trsH 
a fh —V7 
vous = 200 torp =e a “NS = MN tapc 
V iv x ea 
~ =o] ——- 
Va. — toan ‘ASC 
es cm. (ie ON itt RK KKK KY 
= ct i 
we RRR cai a | 
== TENT _ TEA eel 
Vit. ; 
BOrees vie ara toza = = 
: trac | be Ted 
toez 
Vow — . 
DQi0-DQis ae inn COORD 


VALID DATA-OUT VALID DATA- ‘“— VALID DATA-OUT VALID DATA-IN 


KY DON'T CARE 
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_ KM418C256B/BL/BLL | CMOS DRAM 


TIMING DIAGRAMS (Continueg) 
HIDDEN REFRESH CYCLE (READ) 


DQ,-DQig 


tase Por 
ma a 


Vn YY) (A) (/\/ \/ 
v1. — SOOM anstes PRY eS Heo 


KK RRR 
trap 


trcs 
Vin — IIVVVVV VG RAIA AAA AAAI 
ve — OOO | ROKK 
: taa torr 
Vie — PII AV AVAVAY, toes VVYVIVVVV VV 
Vo RRR | BREE KY 
tcac , toez 


trac 
Vou — .) 
3 i ™ VALID DATA-OUT N 


HIDDEN REFRESH CYCLE (WRITE) 


UCAS 


DQ,-DQisg 


tac 
trp 


tras tras 
Vin — 


tre 
: tre 
tar 
Vi — 
torP 
Vin — \ tour = 


torp 
ae Gey, 


tasr 


tcan 


twen : 
Vin — XX VV AV AT AV AV AWAY, 


Ve — SXXKKXXXK AKA 


as fee 
Via — VAN y VV AVAV AVA AV AV AV AV AW eV AV AV AVAV AV A UAV AVA AV AV Ava a9, 
VX) eet LK 


Vin — ‘X) YI VV 
Vii ~ XX 


RI KK KKK 
tox : 
Vo 


ven — SKXXXXKXX KKK _vaue waren DER KKXX KKK XKKAKRION 


tour 
BY DON'T CARE 
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TIMING DIAGRAMS (Continued) 


CAS- before -RAS REFRESH COUNTER TEST CYCLE 


Vin — 
Vi — 


YY VY ¥ 


Vu— FIDIVTVVVVVV VV VV VY VY —J VV 
Bye — ARK) <i 


KKK KIN) 
fies tary 
|| 


tacu 


EX 


=| 


READ CYCLE = 
ay 


DALAL 


Al 
mi 


Vn — YYYV VV VY VY YY VY VYVYVY Ye YY YOY VV rw 
KR IK 


Vi — YADA LQLLZ LZ\ 


ARR 


a 


ve o 
DQ,-DQis (ON VALID DATA-OUT y 


~ . i 


AOXXXXXKK) 


WRITE CYCLE a 


— Va-— PYVVVVV VV VV VOY al 
OKA _| 


7 
V 


XXXXXY 


FE. — DOA AKIRA 


Av — 
DQ,-DQis va =e (| VALID DATA-IN [) 
OL i i 


READ-MODIFY-WRITE 


trwi 


twe 


— Ve- VYYYYVVYY/YYYVVYYY YY YY VY VYYYYVYVYY 
EEN 
. taa j 
Se = oa 
tez H | § tos 
Vion — v VV 
sso SOL ORI 


kx DON’T CARE 
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KM418C256B/BL/BLL - CMOS DRAM 


TIMING DIAGRAMS (continued) 


RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 


Vin — 
Vi — 


+. COON antes PROX KKK KKK KKXXAR OHARA ANY 
CAS-before-RAS REFRESH CYCLE 
NOTE: W, OE, A= Don’t Care 


—————— tre 
trp . trp 
tras 


oor |" ell A CONS 


tees Ae _— ton Vv XX v 
CRS mT AOE SOE XX) 


Vou— 
DQ;-DQis vo N OPEN 


CAS- before-RAS SELF REFRESH CYCLE (Sel refresh only) 
NOTE: W, OE, A=Don't Care 


tres 
Vin 


RAS trRass 

Vit — 

trec 
ao = 

Vin — Y 

UCAS i.’ ROY WON 
* Tbe 

PSRPRETE Vin — tcsr ‘x \7 ny 
LCAS 

fe KO 


torr 


= 
ot 
v 


Vv . 
DQ;-DQis » OPEN 


XX DON’T CARE 
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KM418C256B/BL/BLL CMOS DRAM 


PACKAGE DIMENSION 


40-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 
1.020(25.91) 0.025(0. 64). 
1.030(25.16) MIN 
8/& Sy sje S|8 
N 
BIS Sty 85 3/9 


|__ 


! com 
C 0.130(3.30) 
0. 140(3.56) 


E]acow0.] 


vi ! iF f iy 
0.016(0.41) | B 0.050 (1.27) | i 0.050(1.27) 
0.020(0.51) TYP ~} 4 MAX 


40 LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) 
(Forward and Reverse Type) 


0.80 TYP 


(evens 


=e 


0.805 TYP 
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KM48V512B/BL/BLL 


CMOS DRAM 


512K x8 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


+ Performance range: 


tRAC | teac tre 
KM48V512B/BL/BLL-6 60ns | 15ns | 110ns 
KM48V512B/BL/BLL-7 | 70ns | 20ns | 130ns 
KM48V512B/BL/BLL-8 80ns | 20ns | 150ns 


* Fast Page Mode operation 
* Self Refresh operation (LL-version) 
« Byte Read/Write operation 
+ CAS-before-RAS refresh capability 
« RAS-only and Hidden Refresh capability 
« TTL compatible inputs and outputs 
« Early write or output enable controlled write 
+ Dual +3.3V+0.3V power supply 
« Refresh Cycle 
-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L-version) 
-1024 cycle/128ms (LL-version) 
* Power Dissipation 
-Standby: 1.8mW (Normal) 
0.36mW (L-version) 
0.36mW (LL-version) 
-Active (60/70/80): 255/235/220mW 
+ JEDEC standard pinout 
* Available in plastic SOJ and TSOP II 


FUNCTIONAL BLOCK DIAGRAM 


Control & 
Clocks 


Refresh Control 


Refresh Counter 


Sense Amps & IO 
= 


| |] Row Address Buffer 


Col. Address Buffer 


Ao~Ag 


Vop 
Vss 


Row Decoder 


Memory Array 
524,288X8 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM48V512B/BL/BLL is a CMOS high 
speed 524,288 bitx8 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 


The KM48V512B/BL/BLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 


_are fully TTL compatible. 


The KM48V512B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 


Data in 
Buffer 


DQ, 


Cells 


Data out 
Buffer 


tele 
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KM48V512B/BL/BLL 


CMOS DRAM 


PIN CONFIGURATION (Top Views) 


+ KM48V512BJ/BLJ/BLLJ 


(SOU) 


¢ KM48V512BT/BLT/BLLT 


fe) 


1 
2 
3 
4 
5 
6 
7 
8 


(TSOP(Il)-Forward Type) 


- KM48V512BTR/BLTR/BLLTR 


(T SOPIII)-Reverse Type) 


Pin Name Pin Function 
Address Inputs 
DQ1-8 | Data In/Out 
| Vss _| Ground 
[ RAS Al Row Address Strobe 
we | Column Address Strobe ee 
W Read/Write Input 
OE Data Output Enable | 
| Vppb Power(+3.3V) | 
N.C. No Connection | 


SAMS Ue 
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KM48V51 2B/ BL/BLL_ 


CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


Voltage on any pin relative to Vss 


ae a 


VIN, VouT 


Voltage on Vpp supply relative to Vss 
Storage Temperature 


| 051046 4.6 


-55 to + 150 


Power Dissipation 


Short Circuit Output Current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage feterenced to Vss, Ta=0 to 70°C) 


Supply Voltage 


Ground 


0 


Input High Voltage 


Vpp 


+0.3 


Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


0.8 


Parameter Symbol! Min | Max | Units 
KM48V512B/BL/BLL-6 70 mA 
Operating Current" 
KM48V512B/BL/BLL-7 Icc1 - 65 mA 
(RAS, CAS, Address Cycling @trc= rain’ KM48V512B/BL/BLL-8 60 aA 
Standby Current 
(RAS=CAS-W=Vin ) owas Psi aes 
ee Refresh Current" KM48V512B/BL/BLL-6 | 70 mA 
(HS-Ve, RAS, Address Cycling @trac=min.) Alapaha ookcaleeeated ee : ES mu 
: : ; KM48V512B/BL/BLL-8 60 mA 
= + + + 
Fast Page Mode Current" - KM48V512B/BL/BLL-6 55 mA 
(AS iy oRS oA, A rane eer KM48V512B/BL/BLL-7 loca : 50 | mA 
eal ecyane elo) KM48V512B/BL/BLL-8 be Alt 45 | mA 
= 7 ~~ 
Siandby Curent KM48V512B 500 HA 
(RS—CAS-WV00-0 oy) KM48V512BL lcs | - | 100 | yA 
poe ere : KM48V512BLL I LL 100 HA 
== : “| 
CAS-Before-RAS Refresh Current* BNSeY>(2B/BU/BLE-6 - hs 
(RAS and GAS Cycling @trc=min,) KM48V512B/BL/BLL-7 Icce - 65 mA 
| Meee cee KM48V512B/BLBLL-8 | |.60 | ma 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vpp-0.2V 
Input Low Voltage(ViL)=0.2V CAS=0.2V KM48V512BL Icc7 - 200 BA 
Din=Don't Care, TRc=1254S ; : 
Tras=Tras min.~300ns | Ace a a 
| Set Refresh Current | 
RAS=CAS=0.2V 
W-OE=Ao-As=Vpp-0.2V or 0.2V peverebe a ae a 
DQ1-DQs=Vnp-0.2V, 0.2V or Open 
474 


Firs 


ELECTRONICS 


KM48V512B/BL/BLL | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 


Parameter 


Symbol 


'| Input Leakage Current 
(Any input 0<Vin <Vop+0.3V, all other pins not under test=0 V) 


Output Leakage Current 
(Data out is disabled, OV< Vout<Vop) 


Output High Voltage Level (lox=-2mA) 


Output Low Voltage Level (lo.=2mA) 


*NOTE: Icci, icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
two times while RAS=Vi. In Icc4, address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25°C, Voo=3.3V, f=1MHz) 


Input Capacitance (Ao~Ag) 
Input Capacitance (RAS, CAS, W, OE) 
Input Capacitance (DQ1~DQs) 


AC CHARACTERISTICS (0°C<Ta<70°C, a 0.3V, See notes 1,2) 


Parameter Symbol See Tas meet wl at Units | Notes 
Random read or write cycle time tac 110 a a a 
Read-modify-write cycle time | trwe | 155 185] {205 | ns 
Access time from RAS tRAC 70 80; ns | 3,4,11 
{Access time from CAS tcac 15 20 Lo 20 al 3,4,5 
Access time from column address _ tAA 30 le 35 | a 40 eo 3,14 
CAS to output in Low-Z tcLz 0 Jim _|[_ns > 3 
Output buffer turn-off delay {OFF —Y 15 0 15 0 15 | ns 7 
Uc time (rise and fall) tT 50 3 50 223i: 50; ns 2 a 
RAS precharge time | trp 40 50 | 60] ais ns | . 
RAS pulse width tRAS 60 |} 10,000} 70] 10,000; 80{| 10,000] ns | 
RAS hold time | tRSH | 15| | 20| 20 | lets 
CAS hold time tcsH cs 70 |. 1 ns |_ | 
CAS pulse width tcas 10,000 | 20) 10,000) 20] 10,000) ns = | 
RAS to CAS delay time tRCD | 45 | 20 50| 20 so; ns | 4 
RAS to column address delay time tRAD | 45] 30] 15] 35} 15 40} ns | 11 
CAS to RAS precharge time pice 5 a a 15 fons | 
Row address set-up time taSR 0 0 0 \ _|_ hs I | 
Row address hold time tRAH 10 Oe 10| | elds = 
Column address set-up time of | [ 0 tes ns 
coumaetuaine Lew [|_| 15| | ns 


ELECTRONICS 
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CMOS DRAM 


AC CHARACTERISTICS (continuea) 


Parameter 


Column address hold time referenced to RAS 


Column address to RAS lead time 


— Units | Notes 


Read command set-up time 


Read command hold time referenced to CAS 


Read command hold time referenced to RAS 


Write command set-up time 


Write command hold time 


Write command hold time referenced to RAS 


Write command pulse width 


Write command to RAS lead time 


Write command to CAS lead time 


Data set-up time 


Data hold time 


Data hold time referenced to RAS 


Refresh period (Normal) 

Refresh period (L-version) 
Refresh period (LL-version) 

CAS to W delay time 

RAS to W delay time 

Column address to W delay time 


CAS precharge to W delay time 


|_tcrwo 


CAS set-up time (CAS-before-RAS refresh) 


tcsr 


CAS precharge time (Fast Page mode) 


CAS hold time (CAS-before-RAS refresh) tCHR 
RAS precharge to CAS hold time 7 trPC r= ul 
CAS precharge time (C-B-R counter test cycle) | tcet 
‘| Access time from CAS precharge i tCPA 45 
Fast Page mode cycle time [ve 
Fast Page mode read-modify-write cycle time Lee = 
RAS pulse width (Fast Page mode) ‘i tRASP 100K 
RAS hold time from CAS precharge ° si 


Access time from OE 


20 


OE to data-in delay time 


Out put buffer turn off delay time from OE 


20 


OE commend hold time 


RAS pulse width (C-B-R self refresh) 


RAS precharge time (C-B-R self refresh) - tRPS 12 
CAS hold time (C-B-R self refresh) tCHS 12 
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KM48V512B/BL/BLL CMOS DRAM 


NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh 
cycle before proper device operation is achieved. 

2. Vin(min) and Vi_(max) are reference levels for measuring timing of input signals. Transition times are measured 
between Vin(min) and Vi_(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 TTL loads and 100pF, Voh=2.0V and Vol=0.8V 

4. Operation within the tacp(max) limit insures that trac(max) can be met. tacp(max) is specified as a reference 
point only. If tacp is greater than the specified tacp(max) limit, then access time is controlled exclusively by tcac. 

5. Assumes that taep2trcp(max). 

6. tar, twcr, tor are referenced to trap(max). 

7. toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to Vou 
to VoL. 

8. twcs, trwp, tcwp and tawp are non restrictive operating parameters. They are included in the data sheet as elec- 
tric characteristics only. If twcs2twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tewo2tcwp(min), tawo2trwp(min) and tawp2tawop(min), then the cy- 
cle is a read-write cycle and the data output will contain the data read from the selected address. !f neither 
of the above conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tac or raRH must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 
read-write cycles. , 

11. Operation within the taap(max) limit insures that trac(max) can be met. trap(max) is specified as a reference 
point ony. If trap is greater than the specified trap(max) limit, then access time is controlled by taa. 

12. 1024 cycle of Burst Refresh must be executed within 16ms before and after self refresh, in order to meet refresh 
specification. (LL-version) 


TIMING DIAGRAMS 


READ CYCLE 
RAS ViH— 
Vit— 
cece tacp —_-1— tRSH = ~ : 
= OW Ne: enn acer AO 
nee Vit— than [trap L$ tRaL— 
tRAH tasck-] TAN 
Vipn— JSVYVY AAAI VA,WYYIIVYVYVVVVVYVY VV\ YX 
vie GORE hess XX RBERES DOA SNR 
sitnee - tRCH 
wo BRAIIRIY mE onsonncnunnaunann 
¥ Vii— YX XXAXXXAXX : XXX XXX AAA 
= -taAA — 
Vin— AK AAA AAA AAARAI an KIA AV VY YYW A AY 
IE 1 00101, 0000 000000000000 RMI OOS CN Mo IONIAN 
tOFF 
DQ,-DQs ie OPEN 


KX) DON'T CARE 


ELECTRONICS 


KM48V512B/BL/BLL oo CMOS DRAM 


TIMING DIAGRAMS (continued) 
WRITE CYCLE (EARLY WRITE) 


RAS 


CAS 


=| 


DQ,-DQs 


eu 
” ROW y, UXXKK KKK KK 
Vi QM ADRESS PKK COLUMN DRA AY 


tro 


tap 
tras 
Vin— 


Vit— 


- tar 
Vin -— | | 
| Ly we 7, 
|| 


tasR | Sh pe 
= aaa 


Vip— VAASVA/V V VV VV VV VA LAAAJ 
) ¢ 0) 
OXKXXKX} OY RNY yy ay 


O 


¥,7,9 
YYKy) 


Vip— RWYOVYYVVOUY OA 
1 ORR 
ree Fee ee 


YavaV.¥avAYAVAW.V.Vav,VAVAVAVATAVAYAVATAVAVAAVAWAVAVAVAVAVAVAT.D 
RRR ROOK 


VIE FIYYVYVVY Y VV VN VV VPM MV TOY WU VY PU VN 
vie BOAR RRNA RRR 


AT a 
ins Soe 
Viq— . ; 
Vi= ( VALID DATA-IN J OAR —_—_——_—_————— 


WRITE CYCLE (OE CONTROLLED WRITE) 


~ RAS 


CAS 


=| 


DQ,-DQs 


eee 
‘_e tRAS trp 
Vinp— tar . 
Vit— 
= tcsH 
tcrP 
trcD 

Vin— 
Vit— ; be trap Li {__/ 

tase | | tran 4 a a 1] 
Vip—- WIVYYVV OY YY VY VVY YY VY VV VY VV VV VV 
va KRM AiBhess AK sooness HRY RRR KKK KKK 

tow. 
: tRWL 
Vip— VVVVVVVVVVVVVVVVVVVVVVVV (AIVVVVVVV VY VVVVYYYVVYYVYVVVYVV 
Va RL i 8? RY XX XXXL 
|toeH : 

Vin— (YX XKYXKKKXKK / XX XXX7 RXKXKKXXAK KKK XXXXXXXAXAKXAK KAA A) 
Vit— XX .0,6,0,0.0.0,0:4,0.0. XX 99 ; 4.0,9,0.4.0 ¢, ) 9'4:64.0.4.9.0.4.9,0.4.044,4.0.4.49.0,0.45 

: tbH , 
Vin— F LAS VV VV VV IVY VVVYVVYVVVYVYVYVVYYYVVYVY 
ag CIR _vatin Daan YR NRK AX 


kX DON’T CARE 
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TIMING DIAGRAMS Continued) 
READ-MODIFY-WRITE CYCLE 


— tRwc = =x = 

}— tRAS trp 
a ViH— ' 
RAS Vine AR 

an 5 eas = % ~ tcsH — 
tRoD = | tasH 
GAS Vin—- 
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FAST PAGE MODE READ CYCLE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 


— Vin— 
RAS _ ViL— 
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CAS-before -RAS REFRESH CYCLE 
NOTE: W, OE, A=Don’t Care 
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CAS-before-RAS SELF REFRESH CYCLE 
NOTE: W, OE, A=Don’t Care 


RAS 
DQ1-DQ8 


XY DON’T CARE 
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CMOS DRAM 


TIMING DIAGRAMS Continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS 6<ontinued) 
CAS- before-RAS REFRESH COUNTER TEST CYCLE 
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PACKAGE DIMENSION = 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.720(18.29) 0.027(0.69) 
0.730(18.54) ; MIN 
COO a a a a ] 


oa cle 2/9 
oln ajo safe 2/2 
= k=) NM BI® TIlE 
st ojo emits) rehire 
0/0 aia OF BIS 
219 Ool= O92 gle 
Qi (2 ofo Sig 
olo Bilis 


ca 


T 


0.140(3.56) 
0.148(3.76) 


CLIT CITILIT1 | 
eis 0.026(0.66) 
0.032(0.81) 


0.050(1.27) 
MAX 


0.03 (0.80) 


0.423 (10.76) 
a 


0.398 (10.11) 
0.459 (11.66) 
0.466 (11.86) 


oar neem 


| a 0.005 (0.13) 
0.722 (18.36) agar) 0.008 (0.20) 
0.726 (18.46) a 


Bl cosa] 


0.037 (0.95) | ye 0.048 (1.22) eal Pe 0.016 (0: aot 
0.052 (1.32) 0.020 (0.50) 


0.016 (0.40) 
0.024 (0.60) 
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KM48V514B/BL/BLL CMOS DRAM 


512K x8 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES GENERAL DESCRIPTION 


° Performance range: The Samsung KM48V514B/BL/BLL is a CMOS high 
speed 524,288 x 8 Dynamic Random Access Memory. 
Its design is optimized for high performance 


KM48V514B/BL/BLL-6 applications such as personal computer, graphics and 
20ns 130ns| 29ns_| 


high performance portable computers. 


KM48V514B/BL/BLL-7 | 29ns 
KM48V514B/BL/BLL-8 | 20ns | 150ns| 34ns | The KM48V514B/BL/BLL features EDO Mode 
operation which allows high speed random access of 

- « Fast Page Mode with Extended Data Out memory cells within the same row. CAS-before-RAS 

+ Self Refresh operation (LL-version) refresh capability provides on-chip auto refresh as an 

« CAS-before-RAS refresh capability ‘alternative to RAS-only refresh. All inputs and outputs 

+ RAS-only and Hidden Refresh capability are fully TTL compatible. 

. Byte Read/write operation 

+ TTL compatible inputs and outputs The KM48V514B/BL/BLL is fabricated using 

+ Early write or output enable controlled write Samsung's advanced CMOS process. 


¢ Dual +3.3V+0.3V power supply 
* Refresh Cycle 
-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L/LL-ver) 
¢ Power Dissipation 
-Standby : 1.8mW (Normal) 
0.36mW (L-Version) 
0.36mW (LL-version) 
« Active (60/70/80) : 255/235/220mW 
¢ JEDEC standard pinout 
¢ Available in plastic SOJ and TSOP Il 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


3 3 
S| ul @ 


Vop 
Vss 
VBB Generator 


Buffer 
Q 
oS 
Refresh Counter Memory Array Q ee 
524,288x8 & il nae 
Cells @ 
Ao~As Row Address Buffer 5 
Data out 
Buffer OE 


Col. Address Buffer Column Decoder 
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PIN CONFIGURATION (Top Views) 


* KM48V514BJ/BLJ/BLLJ * KM48V514BT/BLT/BLLT - KM48V514BTR/BLTR/BLLTR 


° 


Vss 
DQs 
DQ7 | 
DQs 
DQs 
CAS 
OE 
N.C. 
As 
A7 
As 
As 
Aa 
Vss 


1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
i) 9 


(TSOP(Il)-Forward Type) (TSOP(II)-Reverse Type) 


Address Inputs 

Data {n/Out 

Ground 

Row Address Strobe 
Column Address Strobe 
Read/Write Input 

Data Output Enable 
Power(+3.3V) 


No Connection 


PSimsunid a 
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KM48V514B/BL/BLL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vss Vin, VouT 
Voltage on Vop supply relative to Vss Vop 


-0.5~4.6 
-0.5~4.6 


Storage Temperature -55 to + 150 
Power Dissipation , 1 
Short Circuit Output Current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 


should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMEN DED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


_ 


Supply Voltage 
Input High Voltage 


DC AND OPERATING CHARACTERISTICS 


* (Recommended operating conditions unless otherwise noted) 


Parameter 


Operating Current* 
(RAS, CAS, Address Cycling @trc=min.) 


Standby Current (RAS=CAS=W=Vin ) 


RAS-Only Refresh Current* 
(CAS=Vin, RAS, Address Cycling @trc=min.) 


EDO Mode > Current* 
(RAS=ViL, CAS, Address Cycling @tec=min.) 


KM48V514B/BL/BLL-6 


_ KM48V514B/BL/BLL-7 


KM48V514B/BL/BLL-8 


KM48V514B/BL/BLL-6 
KM48V514B/BL/BLL-7 
KM48V514B/BL/BLL-8 


KM48V514B/BL/BLL-6 
KM48V514B/BL/BLL-7 
KM48V514B/BL/BLL-8 


Standby Current 
(RAS=CAS=W=Vop-0.2V) 


KM48V514B 
KM48V514BL 
KM48V514BLL 


CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trc=min.) . 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViH)=Vop-0.2V 
Input Low Voltage(Vit)=0. 2V 

CAS=0.2V 

Din=Don't Care, Tac=1254S Tras=TRAs min.~300ns 


Self Refresh Current 
RAS=CAS=0.2V 
W=OE=Ao-Ag=Vpp-0.2V or 0.2V 
DQ1-DQs8=Vob-0.2V, 0.2V or Open 


a” 
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KM48V514B/BL/BLL-6 
KM48V514B/BL/BLL-7 
KM48V514B/BL/BLL-8 


KM48V514BL 


KM48V514BLL 


Icc1 
Icc2 
Icc3 
Icc4 
Iccs 


Icc7 


487 


KM48V514B/BL/BLL a CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


Para —* Sabin | a 


Input Leakage Current ia -10 10 
(Any input 0<Vin <Vpp+0.3Y, all other pins not under test=0 volts.) 0 

Output Leakage Current ; 

(Data out is disabled, OV<VouT<Vbpp) ea 
Output High Voltage Level (loH=-2mA) | vow | 24] - | Vv 


Output Low Voltage Level (lo.=2mA) 


| Units | 
BA. 


*NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
two times while RAS=VIL. In Icc4, address can be changed maximum once within one hyper page cycle. 


CAPACITANCE (ta=25°C, Voo=3.3V, f=1MHz) 


Parameter 


Input Capacitance (Ao~Ag) 


Input Capacitance (RAS, CAS, W, OE) 
Input Capacitance (DQ1~DQs) 


AC CHARACTERISTICS (o°C Sew. Vpp=3.3V +0.3V, See notes 1,2) 


8 
; Max 
185 


Read-modify-write cycle time 


Access time from RAS 


Access time from CAS 


Access time from column address 
CAS to output in Low-Z 

Turn-off delay from CAS 
Transition time (rise and fall) 


RAS precharge time 
RAS pulse width 
RAS hold time 

CAS hold time 

CAS pulse width 


RAS to CAS delay time 


RAS to column address delay time 
CAS to RAS precharge time 


Row address set-up time 


Row address hold time 
Column address set-up time 


Column address hold time , 


a” 
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AC CHARACTERISTICS (Continued) 


Parameter 


Column address hold time referenced to RAS 


Column address to RAS lead time 


Read command set-up time 


Read command hold time referenced to CAS 


‘| Read command hold time referenced to RAS 


Write command hold time 


Write command hold time referenced to RAS 


Write command pulse width 


Write command to RAS lead time 


Write command to CAS lead time 


Data set-up time 

Data hold time 
Data hold time referenced to RAS 
Refresh period (Normal) 

Refresh Period(L & LL-ver) 

Write command set-up time 

CAS to W delay time 

RAS to W delay time 

Column address to W delay time 


CAS precharge to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS to CAS precharge time 

CAS precharge time (C-B-R counter test cycle) 


Access time from CAS precharge 


Hyper Page mode cycle time 


Hyper Page mode read-modity-write cycle time 


CAS precharge time (Hyper Page mode) 


RAS pulse width (Hyper Page mode) 
RAS hold time from CAS precharge 

OE access time 

OE to data delay 

Output buffer turn off delay time from OE 


OE commend hold time 


OE to output in Low-z 

Output data hold time 

Output buffer turn off delay from RAS 
Output buffer turn off delay from W 


SAMS Ute 
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AC CHARACTERISTICS (continued) 


6 -7 8 —_ 
Parameter Symbol. ~~~ + - Units Notes 
: Min) Max Min Max | Min’ Max 
Wo data delay 5 tae gs He! NOE iets MORO 9 nar He _fs 
OE to CAS hold time toc 8 5 L 5 __fs 
‘CHS hold time to OE | _tcHo ; 5. 1 5 5 | ns 
OE precharge time toe | 5! i 65} 5 ns | 
ae eee _ feet aerial ag ae -+ ra za o t - 4 
-W Pulse width (Hyper Page Cycle) 7 et twee [| 5 1 § | al | ns ‘ 
FAS pulse width(C-B-F self refresh «-=s—strass | 100°, {100 | 100 | ws | 13 | 
bist precharge time (C- -B- R self teftesh) _ tne, | tres 110 | 130 150 |_ns 13 
AS hold time (C-B-R self refresh) 


NOTES 

1. An initial pause of 200s is required after power-up duration of the cycle. If tewo>tcwo(min), trwo> 
followed by any 8 ROR or CBR cycles before ; trwo(min) and tawb > tawo(min), then the cycle is a 
device operation is achieved. read-write cycle and the data output will contain 

2. ViH(min) and Vit(max) are reference fevels for the data read from the selected address. If neither 
measuring timing of input signals. Transition times of the above conditions are satisfied, the condition 
are measured between VixH(min) and Vit(max) are of the data out is indeterminate. 
assumed to be 5ns for all inputs except tHpc and 9. Either tRcH or tRRH must be satisfied for a read 
tHPRWC. ’ cycle. 

3. Measured with a load equivalent to 1 TTL loads 10. These parameters are referenced to the CAS 
and 100pF, Voh/Voi=2.0/0.8V. leading edge in early write cycles and to the W 

4. Operation within the trco(max) limit insures that leading edge in read-write cycles. 
trac(max) can be met. trcp(max) is specified as a 11. Operation within the tRap(max) limit insures that 
reference point only. If trcb is greater than the trRac(max) can be met. tRad(max) is specified as a 
specified tRcD(max) limit, then access time is reference point only. If trap is greater than the 
controlled exclusively by tcac. specified tRaD(max) limit, inen access time is 

5. Assumes that trcp > tRcp (max). controlled by taa. 

6. tar, twcr, tDHR are referenced to tRAD(max). 12. tasc > tcpmin, Assume tT=2.0 ns 

7. This parameter defines the time at which the 13. 1024 cycle of burst refresh must be executed 
output achieves the open circuit condition and is . within 16ms before and after self refresh, in order 
not referenced to VOH or VoL. to meet refresh specification (LL-ver) 

8. twcs, tRwD, tcwo and tawo are non restrictive . 14.1 RAS goes high befored CAS high going, the 
operating parameters. They are included in the open circuit condition of the output is achieved by 
data sheet as electric characteristics only. If twcs> CAS high going, If CAS goes high before RAS high 
twcs(min) the cycle is an early write cycle and the going, the open circuit condition of the ‘output is 
data output will remain high impedance for the achieved by RAS high going . 
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TIMING DIAGRAMS 
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WRITE CYCLE (EARLY CYCLE) 
NOTE : DouTt=OPEN 


trac 
tap 
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READ-MODIFY-WRITE CYCLE 


RAS 


torp 


VY # 
CAS Vi — iy tase 7 
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mt SRC Soe = RCLSOU DOS OOOOIII NOOK XK 


V4 YVY VYYY : 


tawo tawe 
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we 
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HYPER PAGE READ CYCLE 
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HYPER PAGE WRITE CYCLE (EARLY WRITE) 


trasp - tre 


RAS tan tRHCP 


torn : t ; tHPpc ; 
RCD cp cP pace 
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HYPER PAGE READ-MODIFY-WRITE CYCLE 
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HYPER PAGE READ AND WRITE MIXED CYCLE 
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trasp-————- 
OV READItCAC) { READ{tCPA) H WRITE i READ(tAA) 
RAS : H 1 i 
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RAS-ONLY REFRESH CYCLE 
NOTE : W, OE, DIN=Don't Care 


Dout=Open 
tac 
tras tre 

ARS Vin — 

Vi — 

tor tapc tone 

or Vin — A/V ¥ ; C00%, 
ve Vi — OY . 04 


tase tray 


mT RT nciBtss MRI 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE : W, OE, A=Don't Care 
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Vin tras 
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Vin tapc 
tRPC 
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= tour 
— Vin YY Y YY YY YY YY 
Ty KEKE 
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HIDDEN REFRESH CYCLE (READ) 
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CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.720(18.29) 0.027(0.69) 
r 0.730(18.54) ; ; MIN 
= = zs 


| 


0.395(10.03) 

0.405(10.29) 

0.008(0.20) 
.0.365(9.27) 
°0.375(9.53) 
0.435(11.05) 
0.445(11.30) 


- 


| L 0.026(0.66) 
0.032(0.81) 


ree es 
0.148(3.76) 


i: aren 


[a] 0.004(0.1) 


0.016(0.41) 0.050(1.27) | 0.050(1.27) 
0.020(0.51) TYP MAX 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


0.740 (18.80) ; 0.03 (0.80) 


0.459 (11.66) 
0.466 (11.86) 


0.005 (0.13) 
0.722 (18.36) Anay es 0.008 (0.20) 
0.726 (18.46) re 
[OQ] oosmax | REESE BEE ia 


0.037 (0.95) 2 L. . 7 Ls 0.048 (1.22) | 0.016 (0.40) | 
0.052 (1.32) 0.020 (0.50) 


0.016 (0.40) 
0.024 (0.60) 
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256K x 16 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


- Performance range: 


tRAC tcac tre 


KM416V256B/BL/BLL-6 60ns 15ns = 110ns 


“KM416V256B/BLIBLL-7 -—«70ns-—~=S«20ns.—«1 30s. 
KM416V256B/BL/BLL-8 g0ns 20ns_—«-150ns 


Fast Page Mode operation 
2 CAS Byte/Word Read/Write operation 
CAS-before-RAS refresh capability 
RAS-only and Hidden Refresh capability 
Self Refresh operation (LL-version) 
TTL compatible inputs and outputs 
Early write or output enable controlled write 
Triple +3.3V+0.3V power supply 
Refresh Cycle 
-512 cycle/8ms (Normal) 
-512 cycle/64ms (L-version) 
-512 cycle/128ms (LL-version) 
Power Dissipation 
-Standby: 1.8mW (Normal) 

0.36mW (L-version) 

0.36mW (LL-version) 
-Active (60/70/80): 325/290/270mW 
» JEDEC standard pinout 
* Available in plastic SOJ and TSOP Il 


FUNCTIONAL BLOCK DIAGRAM 


Control 


Clocks 


| Jz 
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S| Sl al] 
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GENERAL DESCRIPTION 


The Samsung KM416V256B/BL/BLL is a CMOS high 
speed 262,144 bit. 16 Dynamic Random Access 
Memory. Its design is optimized for low power | 
applications such as portable computer and hand-held 
system. 


The KM416V256B/BL/BLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. : 


The KM416V256B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 


— Vopo Lower 

i — Vss Data in 
Buffer DQ: 
to 
=e DQs 


Refresh Control 


Refresh Counter 
Row Address Buffer 
Col. Address Buffer 


Ao~As 


Memory Array 
262,144x16 
Cells 


Column Decoder 


Lower 
Data out 
- Buffer 


Sense Amps & !O 


Upper 
Data out 
Buffer 
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KM416V256B/BL/BLL CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM416V256BJ/BLJ/BLLJ * KM416V256BT/BLT/BLLT - KM416V256BTR/BLTR/BLLTR 


40 1) Vss Voo 1° 40 Vss Vss 1 
DQi6 DQ) 2 39 DQi6 DQi6 2 
3 DQis DQ2 3 38 DQ1s DQ15 3 
4 DQ DQ; 4 37 DQi4 DQ14 4 
5 DQ13 DQa 5 36 DQ13 DQi3 5 
Vop 6 35 Vss Vss 6 
6 Vss 
DQs 7 34 DQi2 DQti2 7 
7 DQre DQs I] 8 33 Fp Dai DQn 8 
S DQ: DQr I 9 32 [1 DQi0 DQi0 9 
9 DQ:0 DQs 10 DQs DQo 10 
10 DQo 
| N.C. 
12 [CAS N.C N.C. N.C 
a UCAS N.C. CCAS LCAS 
14 OE W UCAS UCAS 
A RAS OE OE 
. N.C. As As 
Al Ac Az Az 
17 Aé Ay As A6 
- A» A2 As As 
Aa A3 Aa AS 
Vss Voo Vss Vss 
Pin Name Pin Function Pin Name Pin Function 
Ao-Ag Address Inputs LCAS Lower Column Address Strobe 
DQ1-16 Data In/Out Ww Read/Write Input 
Vss Ground OE Data Output Enable 
RAS Row Address Strobe Vbb Power(+3.3V) 
UCAS Upper Column Address Strobe N.C. No connection 
ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 
= 
Voltage on any pin relative to Vss VIN, VouT -0.5~4.6 Vv 
| Voltage on Vop supply relative to Vss Vob -0.5~4.6 V 
| Storage Temperature Tstg -55 to + 150 “C 
iets : ie at its fs Spe oe he ew = 
Power Dissipation : Pp | | Ww 
Short Circuit Output Current los 50 mA 


x 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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RECOMMEN DED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Parameter 


Supply Voltage 


Ground 


Input High Voltage 


Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter 


Operating Current* 
(RAS, UCAS or LCAS, Address Cycling @trc=min.) 


KM416V256B/BL/BLL-6 
KM416V256B/BL/BLL-7 
KM416V256B/BL/BLL-8 


Standby Current 
(RAS=UCAS=LCAS=W=Vu ) 


RAS-Only Refresh Current* 
(UCAS=LCAS=Vin, RAS, Address Cycling @trc=min.) 


Fast Page Mode Current" 
(RAS=Vi_, UCAS or LCAS, Address Cycling @tec=min.) 


Standby Current - 
(RAS=UCAS=LCAS=W=Vpp-0.2V) 


‘-KM416V256B/BL/BLL-8 


KM416V256B/BL/BLL-6 
KM416V256B/BL/BLL-7 
KM416V256B/BL/BLL-8 


KM416V256B/BL/BLL-6 
KM416V256B/BL/BLL-7 


KM416V256B 
KM416V256BL 
KM416V256BLL 


CAS-Before-RAS Refresh Current* 
(RAS, UCAS or LCAS Cycling @trc=min.) 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vop-0.2V 
Input Low Voltage(Vit}=0.2V xCAS=ViL 

Din=Don't Care, TRC=125uS 

TRas=TRAS min.~300ns 


Self Refresh Current 
RAS=xCAS=0.2V 
W=OE=Ao-As=Vpp-0.2V or 0.2V 
DQ1-DQ16=Vop-0.2V, 0.2V or Open 


Input Leakage Current 


KM416V256B/BL/BLL-8 


(Any input 0<Vin <Vo0p+0.3V, all other pins not under test=0 V) 


KM416V256B/BL/BLL-6 
KM416V256B/BL/BLL-7 


KM416V256BL 


KM416V256BLL 


Ioc4 


Icce 


L 
Output Leakage Current 
(Data out is disabled, OV<VouT<Vopp) 


Output High Voltage Level (lou=-2mA) 


Output Low Voltage Level (lo.=2mA) 


“NOTE: Ic¢c1, icc3, Icca and loce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. in Icc1 and Icc3, address can be changed maximum 
two times while RAS=VIL. In Icc4, address can be changed maximum once within one fast page cycle.. 


él” 


ELECTRONICS 


502 


KM416V256B/BL/BLL - CMOS DRAM 


CAPACITANCE (1=25°c, Vov=3.3v, f=1MHz) 


oe ee ee 


Input Capacitance (Ao~As) 


Input Capacitance (RAS, LCAS, UCAS, W, OE) 
Input Capacitance (DQ:1~DQ16) 


AC CHARACTERISTICS (0°C<Ta<70°C, Vop=3.3V +0.3V, See notes 1,2) 


6 
Parameter Symbol 
Min |} Max | Min 


Random read or write cycle time tRC 110 130 


Read-modify-write cycle time tawc | 155 185 


Access time from RAS tRAC 60 


Access time from CAS tCac 15 


Access time from column address tAA 30 
CAS to output in Low-Z 


Output buffer turn-off delay 


Transition time (rise and fall) 


RAS precharge time 

RAS pulse width 

RAS hold time 

CAS hold time 

CAS pulse width 

RAS to CAS delay time 

RAS to column address delay time 
CAS to RAS precharge time 


Row address set-up time 


10,000; 80/ 10,000; ns 


10,000} 20] 10,000] ns 
50| 20; 60] ns 4 
35) 15 40 


Row address hold time 


Column address set-up time 


Column address hold time 


Column address hold time referenced to RAS 


Column address to RAS lead time 


Read command set-up time 


Read command hold time referenced to CAS 


Read command hold time referenced to RAS 


Write command set-up time 


Write command hoid time 


Write command hold time referenced to RAS 


Write command pulse width 


Write command to RAS lead time 


Write command to CAS lead time 
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AC CHARACTERISTICS (Continued) 


Parameter | Symbol} --- ---y = pee pr | Uinttee Notes | 
: Min | Max | Min} Max | Min| Max | 
Dataset-uptime == ——i—i‘sisYsétos | oe ee 0: ons ! 10 
Dataholdtime co AG | 45] . 15 | / ons | 10 
Data hold time referenced to RAS Oe ee tDHR 50 p88} 60 | -; mS; 6 
Refresh period (Normal) | trer 8 8 8| ms : 
Refresh period (L-version) TRF | BL A Ba ms 
Refresh period (LL-version) 0 F128 128) 128 ms 
|CAStoWdelaytime - = ————=sYS;stcw 40 | 50 | 50! (ns 8 
RAS to W delay time _ en Pee | two | 85 | 95 | , 105 | ns 8 
Column address to W delay ti time > | taWo | So} | 60 65 ns 8 
CAS precharge to W delay time | tepwo | 60) | 65 70 | ns 
CAS ‘set-up time (CAS-b before- RAS refresh) tcsk | 10 | | 10 | 10 : ns 
CAS hold time (CAS-before-RAS Yefresh) {CHR 7. 10; i 610 | 10 ns 
RAS precharge to CAS hold time | treo | 5 5 ! 5 ons | 
[CAS p precharge time (C- -B- R counter test cycle} | tcpT 20 | 25 ; 30: | ns 
Access time from CAS precharge | PA 35 | LY 30; 49- ns : 
Fast Page mode cycletime. PO | 40 | | 45 | 50 ae 
Fast Page mode read-modify-write cycle ime | trac, 80, | 95 100s 
FFAS pulse width Fast Page mode) tras 60 100K 70. 100K 80. «100K ns 
[RAS hold time from CAS precharge =| truce 85) 4 Bs 
GAS precharge time Fast Page mode) | tor || 10) 101s 
AccesstimefromOE = | tow | ft 15 20. 20 ns 
UE to data-in delay time _ _ 7 || toe ' 15 | 20: ; 20° | ons 
Out put buffer turn off delay time from OE a. a NORE i 0! 15; 0 20; 0 205 ns 
OE : commend hold time — Ba cee esee ote | {OEH - 15 L. | 20 20 ns 
RAS pulse width C- B-R self refresh) ft trass | 100]; 100} | 100 US 12 
RAS precharge time (C- -B- R self refresh) — it tres | 110 lee 1 150 ns 12 
CAS hold time (C-B-R self refresh) | tcHs | ~50 / | -50 | 250! ns 12 
KM416V256B/BL/BLL Truth Table 
RAS LCAS UCAS  W_ | OE '~DQ1-DQs = DQeDQ6e © STATE 
H 2 i he | x |. x HI-Z : -HI-Z Standby 
a 
L t | # cs H of Lf DQ-OUT : Hi-Z Byte Read 
Rete 1s L Le | H tL | bQ-0uT Lo ‘DQ. -QUT ____ Word Read 
L L H ae L ee - ol | ~ .& i Byte Write 
ie H L ae er ae DQ-IN . Byte Write 
bof aN IN Word Write 
L ain a 2 H H —HEZ | HI-Z | : | 


ELECTRONICS 


KM416V256B/BL/BLL CMOS DRAM 


NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh cycles 
before proper device operation is achieved. 

2. Vid(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are measured 
between ViH(min) and ViL(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 TTL loads and 100pF, Voh=2.0V and Vol=0.8V 

4. Operation within the tacp(max) limit insures that trac(max) can be met. tacp(max) is specified as a reference point 
only. If tacp is greater than the specified tacp(max) limit, then access time is controlled exclusively by tcac. 

5. Assumes that tRCcD > tRCp (max). 

6. tar, twcr, tbHR are referenced to trap(max). 

7. torF(max) defines the time at which the output achieves the open circuit condition and is not referenced to VOH or 
VOL. 

8. twcs, trwp, tcwo and tawo are non restrictive operating parameters. They are included in the data sheet as electric 
characteristics only. If twcs>twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tcwo >tcwp(min), tRwo >trRwo(min) and tawo >tawp(min), then the cycle 
is a read-write cycle and the data output will contain the data read from the selected address. If neither of the 
above conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in read- 
write cycles. 

11. Operation within the trap(max) limit insures that trac(max) can be met. tRAD(max) is specified as a reference point 
only. If tRaAD is greater than the specified tRap(max) limit, then access time is controlled by taa. 

12. 512 cycles of burst refresh must be executed within 8ms before and after self refresh, In order to meet refresh 
specification. 

13. tasc, tcaH are referenced to the earlier CAS falling edge. ; 

14. tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 

15. tcwp is referenced to the later CAS falling edge at word read-modify-write cycle. 

16. tcw is specified from W falling edge to the earlier CAS rising edge. 
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Geet 


17. tcsr is referenced to darlier CAS falling low before RAS transition low. 
18. tCHR is referenced to the later CAS rising high after RAS transition low. 
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LCAS 
ee tour 
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19. tbs, toH is independetly specified for lower byte Dini1~s), upper byte Dinig~16) . 
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TIMING DIAGRAMS 6 continued) 
LOWER BYTE READ CYCLE 
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TIMING DIAGRAMS (continued) 
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_ TIMING. DIAGRAMS (Continued) 
UPPER BYTE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
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TIMING DIAGRAMS (Continued) 
WORD READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
UPPER-BYTE READ-MODIFY-WRITE CYCLE 
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KM416V256B/BL/BLL | CMOS DRAM 


TIMING DIAGRAMS (continued) 
FAST PAGE MODE LOWER BYTE READ CYCLE 


- trasp —| tap 
RAS 
UCAS 
‘cee trop ed . 
COKE Vin — Oy \ tcas tcas tcas J / 
NAN i 
tasr tasc test a loan we — | 
ae @. on ie um XX Se oh uM COCO 
a OX, 888 DKS) aoe (_ASERES DROP eee 
trap tres 
tres ae tacH rH trou 
wo XKAXXXXKXAKY Ly, KY 
WE ORY |_| XX 
tcpa ———~+ 
—_ Vin ~ POV VVVV VV VV VV, OF IIT, ota EARITVIVK | loca RY VV YY 
FE, RIRIOOE ASSO) AIOE | ARKIN 
tcac tcac OFF torr 
trac [toez 
eae - ‘ . 
torz teiz teiz 
DQ ~DQi¢ os en 
FAST PAGE MODE UPPER BYTE READ CYCLE ; 
RAS ve [i AR pom tRHcP 
AS hes sal t t , 
: tec tect ; aon trsH 
ne XX = tcas — toas it tcas p 
7H NSE 
CRP t 
a es | ‘CSH rime 
Vin Vy 
ae vu — wy tasr tray tasc eel toaH tasc 
| Vin — XSF ROW KA X) ou XX SOI OXAS Se OXXXX XY 
a KL BRE DO RSENS CU ie COD RabRESS PRK 
bed wee ng ber [Pepe 
WI BST | | YX 


oY ER |_ PE 


LVAALSALS DAALDL 


COULIMIN KKK 
Vi — WADA . A KX WW: AQQOOQOY 
va [fee [gy ele Ee 


DQ,~DQ 
ies Wane ven pe] pe 
trac 
Vou — Fane VALID Xr) VALID > VALID 
DQs~DAre Nie Cae Kee, DATA-OUT on DATA-OUT _) 
teiz teiz 


DON’T CARE 


tez 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 


trasp 7 trp 
AAS Vin — tar 
Vir 
tcre tec — | tec = 
—<————-—- trop — top tap oul 
Vin — _ Oy ‘ \ | tcas Kes ——tcas 
or Ne : 
. tore tesH TJ EE 
j~——— tacp —t-+] L$] J 
| ei =a 
Viq— OOu NG tcas =r 
(CAS yx) i 
tae 


tasr E tes t——— 
L_ | eal ey | 
r Viq— OM FON h OY (ae » q SOL os MN LOX 
Vii— X ADD «> ADDRESS ne: ADDRESS 
i r ag 
WCH 
Vin — VY ») 
nS i” MX 


a4 Sah] 
cia NY 
Vie — 


. ERE RATES 


Vit 7 DALLA 


Sl 


tos DH 


D000" 9 XXX onan DOOSOK ontnin PROMI ontasn DRS 


tour 


FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE) 


trasp ——____—_—-| trp 
pee Oe = 


Vil ~ 


tore tapc 
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UCAS Oy 2 
vu — x» terp tos a 
taco 
Vin —~ t t tcas 
rc i iy Na CAS CAS A = 
Ll 
tasr a 
= A a= 
a = 
A 7 Xe OY) g ROW “h, 4% ff COLUMN Piste cme KKK XxX ay 


ADD XX/\. ADDRESS ADDRESS |) ROX Sich 
QR QY fama asia rs QO 


-t 
Htom——] pa Ed — om 
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S| 


cao ERSTE aie HOON tee RON oe MEST 
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a DON’T CARE 


DLA 


ELECTRONICS. 


KM416V256B/BL/BLL CMOS*DRAM 


TIMING DIAGRAMS (continued) 
FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 


trasp tae 


RAS aaa taa-———— 
tcrp t t 
PC as PC ie tase 
Vin 6 Na toas teas teas] /) 
UCAS y, XX) ; i 
ee eee 
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maa J fecha 
Va — XX) (row } AX COLUMN » 
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he" a rae YY YUVY 
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trap twos | twon 
Vin — LOASYVYVVYV VV AN, YY AI V7 
RN ast este ine 
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WL 
tow. | tsa 


a VH—- WYYVYVYVVVY VV II YI IV A/S SY Y SVS SAVS SVS YY VY 
OE eens 


Vii — CADADAAAABL DALABAL AAV AS LVL 


S| 
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tox 
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tour 
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Vin = p> tar 


a tore 
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vO RRR 
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TIMING DIAGRAMS (Continued) 

FAST PAGE MODE LOWER-BYTE READ-MODIFY-WRITE CYCLE 
t t 
RASP |__| RP 


RAS Vin — tar : 


Viv tore 


NOS og KD (= 


tcrp 


CCAS ae = Oy sl tcas fis 
IL tasr |_| Bice rasa al a 
. : YD ea KYOKs XX? con COLUMN 


ee ON ADDRESS ROO OK 


trap Pa ai wa 
Vie — YS 
WRK ri = Nt 
. Ye : 
5 Vin — 
= x = i 
trac = 
tcac 
pai-pas nae OX =e Re: rare i RXLERNY 
Vion 7 t OOK 
CLZ tez 
V _ a DATA-OUT VALID DATA-IN VALID DATA-OUT VALID DATA-IN 
DQe-DQ16 ee rN 
FAST PAGE MODE UPPER-BYTE READ-MODIFY-WRITE CYCLE 
tap 
es An taase | 


a See a ocr ee si 
Vir — tore 


ia | 
Vin — OG, N toas tcas 
oom OO a= END c/ 
: aA fal eee 
tH — 
= SBT alle 
‘ASR toan 
(RS i ees Se _—s 
Vin — "YY BOW COLUMN Q % COLUMN Y 
eee CORN GEIR 
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Vi 


oT 


23 Vin — XX 
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~ =r =j 
. ; TAA 
Vi — 
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Fre toez toez 
Vion — AV TAT AY, 
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: ii: 
teiz 
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TIMING DIAGRAMS (continued) 


RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 


ie  sciRtes RRR KR 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, OE, A= Don't Care 


+ tap Le tas 
Vin — —— tras ~| 
BRS Vv trec 
i. tapc | ——4 
ter 
tcsr . 
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ae Vine OXY XXX KX 
TRS a OOOO 
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CAS-BEFORE-RAS SELF REFRESH CYCLE 
NOTE: W, OE, A=Don’t Care 
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torr 
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TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 


a tras be — tre tras trp 
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TIMING DIAGRAMS (continuea) 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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IH tras 
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PACKAGE DIMENSION . ; 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.025 (0.64) 
I ~ MIN 


1.020(25.91) 
r 1.030(25.16) 
= [| 


a aS sails 
01 o ~~ RIM 
Oln PC]? S| anjlw 
ojo efor NIM Blo 
H~-le— wile fonke) —|~ 
O15 ol ala wir 
OO O\|e Ole alo 
oS Sh o\/° |e 
O10 6lo ajo |e 


T 
0.130(3.30) 
0.140(3.56)° 


Se 


0.016(0.41) sl i L 0.050 (1.27) : | 0.050(1.27) 
0.020(0.51) TYP = MAX 


40 LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) 
(Forward and Reverse Type) 


Clason 


0.80 TYP 
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KM416V254B/BL/BLL CMOS DRAM 


256K x 16 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES GENERAL DESCRIPTION 


° Peticimance range: The Samsung KM416V254B/BL/BLL is a CMOS high 
speed 262,144 bitx 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 


KM416V254B/BL/BLL-6 | 60ns applications such as personal computer, graphics and 
KM416V254B/BL/BLL-7 430ns| 29ns high performance portable computers. 
KM416V254B/BL/BLL-8 | 80ns The KM416V254B/BL/BLL features EDO Mode 
operation which allows high speed random access of 
+ Fast Page Mode with Extended Data out memory cells within the same row. CAS-before-RAS 
+ Byte word Read/Write operation refresh capability | provides on-chip auto refresh as an 
. CAS-before-RAS refresh capability alternative to RAS-only refresh. All inputs and outputs 
» RAS-only and Hidden Refresh capability are fully TTL compatible. 
* Self Refresh operation (LL-version) 
° TTL compatible inputs and outputs The KM416V254B/BL/BLL is fabricated using 
- Early write or output enable controlled write Samsung's advanced CMOS process. 


¢ Triple 3.3V +0.3V power supply 

« Refresh Cycle 

-512 cycle/8ms (Normal) 

-512 cycle/64ms (L-version) 

-512 cycle/128ms (LL-version) 

Power Dissipation 

-Standby : 1.8mW(Normal) 
0.36mW(L-version) 
0.36mW(LL-version) 

-Active (60/70/80 ): 255/235/220mW 

« JEDEC standard pinout 

« Available in plastic SOJ and TSOP Il 


FUNCTIONAL BLOCK DIAGRAM 


RAS 
LCAS Control Vpp 
UCAS Clocks Vss 
W VBB Generator DQi 
to 
DQs 
Lower 
Ba Buffer 
e} iia 
8 OE 
Refresh Counter Memory Array Q 
. 262,144x16 & 
¢ 
Cells © | DQ 
[_.}| Row Address Buffer 2 as 
B Upper DQi6 


Ao~As 


Data out 
Buffer 


Col. Address Buffer 


Column Decoder 
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PIN CONFIGURATION (Top Views) 


+ KM416V254BJ/BLJ/BLLJ 


° 


1 
2 
3 
4 
5 
6 
7 
8 


¢ KM416V254BT/BLT/BLLT 


° 


Vop 1 40 Vss 

DQ: 2 DQ16 
DQz2 3 DQis 
DQs 1] 4 DQi4 
DQa 5 DQi3 
Vpp 6 Vss 

DQs 7 DQi2 
DQ6 8 DQi11 
DQ7 DQto 


= © 
oO 


N.C. N.C. 
N.C. LCAS 

W UCAS 
RAS E 
N.C. As 

Ao Az 

Ai As 

A2 As 

A3 A4 
Vop Vss 


¢ KM416V254BTR/BLTR/BLLTR 


C. 


ELECTRONICS 


Pin Name Pin Function 
Ao-As Address Inputs 
DQ1~16 L Data In/Out 
Vss | Ground | 
RAS Row Address Strobe 
UCAS | Upeer Column Address Strobe 
[ LCAS Lower Column Address Strobe i 
{ W | Read/Write Input 
OE | Data Output Enable 
Vop Power(+3.3V) | 
N.C No Connection 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 


522 


KM416V254B/BL/BLL 


CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Rating [Units 
Voltage on any pin relative to Vss Vin, Vout | -0.5~4.6 i: V 
Voltage on Vpp supply relative to Vss Vpp -0.5~4.6 V 
Storage Temperature | Tstg -55 to + 150 i °C 
Power Dissipation | Pp ah 1 WwW 
Short Circuit Output Current los 50 mA 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage rafereried to Vss, Ta=0 to 70°C) 


Parameter Symbol Min Typ Max Unit 
Supply Voltage Vpp iL 3.0 3.3 3.6 V 
Ground Vss 0 , 0 ‘ 0 Vv 
Input High Voltage VIH 2.1 — Vpp+0.3 Vv 
|e tT 
‘Input Low Voltage VIL -0.3 — 0.8 Vv 
DC AND OPERATING CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 
Parameter Symbol; Min |; Max | Units 
Operating Current” KM416V254B/BL/BLL-6 
a : ; KM416V254B/BL/BLL-7 Icec1 - 
(RAS, UCAS=LCAS, Address Cycling @trc=min.) KM416V254B/BL/BLL-8 60 ak 
ae 7 a | 
Standby Current — 7 1 aK 
(RAS=UCAS=LCAS=W=ViH ) 
ees _| | 
ae KM416V254B/BL/BLL-6 70 mA 
RAS-Only Refresh Current* 
MAKE TS a : : KM416V254B/BL/BLL-7 Icc3 - 65 mA 
(UCAS=LCAS=ViH, RAS, Address Cycling @tRc=min.) KM416V254B/BL/BLL-8 1 60 fk 
+ 
Hyper bage Mode Sareni® KM416V254B/BL/BLL-6 60 | mA 
Bilis . F KM416V254B/BL/BLL-7 Icca - 55 mA 
(RAS=ViL, UCAS=LCAS, Address Cycling @tec=min.) KM416V254B/BL/BLL-8 50 ane 
‘a za — 
KM416V254B 500 HA 
Standby Current 
RE GKS IKE Von. KM416V254BL Iccs - 100 uA 
(RAS=UCAS=LCAS=W=Vop-0.2V) KM416V254BLL 100 uA 
T 4 T 
CAS-Before-RAS Refresh Current* Moyet UES “0 mA 
(RAS and UCAS-LCAS Cycling @trc=min) » KM416V254B/BL/BLL-7 Icce - 65 mA 
i Zi Dee arg KM416V254B/BL/BLL-8 ee 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin}=Vpp-0.2V 
Input Low Voltage(ViL)=0.2V KM416V254BL Icc7 - 200 LA 
UCAS=LCAS=0.2V 
Din=Don't Care, TRo=125uS Tras=Tras min.~300ns 
Self Refresh Current 
RAS=UCAS=LCAS=0.2V 
We=OE=Ao-As=Vpp-0.2V or 0.2V KM416V254BLL locs - 100 uA 
DQ1-DQ16=Vbp-0.2V, 0.2V or Open 
523 
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KM416V254B/BL/BLL - CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (continue) 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol | Min | Max | Units | 


Input Leakage Current , I -10 10 A 

(Any input 0<Vin <Vpp+0.3V, all other pins not under test=0 volts.) a i . 

Output Leakage Current 

(Data out is disabled, 0V<Vour< Vo») a in) | By ca a 
Ex High Voltage Level (loH=-2mA) Vou 2.4 -— ba Vv 

Output Low Voltage Level (loL=2mA) VOL - 0.4 V 


*NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
two times while RAS=ViL. In Icc4, address can be changed maximum once within one hyper page cycle. 


CAPACITANCE (ta=25°C, Vop=3.3V, f=1MHz) 


saan 


Input Capacitance (Ao~As) 
Input Capacitance (RAS, UCAS, LCAS, W, OE) 
Input Capacitance (DQ1~DQ16) 


Parameter 
Random read or write cycle time 
eee cycle time f 

Access time from RAS | 
Access time from CAS 5 
Access time from column address of 
CAS to output in Low-Z | 
Turn-off delay from CAS 8 15 | 3 3 20 ie [7.14 | 
Transition time (rise and fall) tr 2 50| 2 is 50 | 2 50] ns 2 
RAS precharge time ] tRP 40 | 50 60, ns r 1 
RAS pulse width | ts 60 | 10,000 70 V0 5a _80 | 10,000 | ns i : 
RAS hold time tRSH 17 =H 20 | ty 20 | ns 

| CAS hold time test 50 E 60 70 ns [_ a 
CAS pulse width ese 10 | 10,000 | 15 10,000 | 20 | 1000 | ns 12 
RAS to CAS delay time treo | 20 45 | 20 50 | 20 60| ns { 4 | 
RAS to column address delay time | tRAD 15 30 eh 35 sl 40/ hs 11 
CAS to RAS precharge time tcRP 5 | 5 5 ns a Zz 
Row address set-up time aes 0} - C 0 | {ol fe: ns 
nen address hold time , |_tRAH 10 10 10 I sil ns_| | 

olumn address set-up time tasc 0 0 0 ns 
-| Column address hold time tCAH 15 15 15 ns 


ELECTRONICS 


KM416V254B/BL/BLL 


CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Parameter 


Column address hold time referenced to RAS 


Column address to RAS lead time 


Read command set-up time 


Read command hold time referenced to CAS 


Read command hold time referenced to RAS 


Write command hold time 


Write command hold time referenced to RAS 


Write command pulse width 


Write command to RAS lead time 


Write command to CAS lead time 


Data set-up time 


| Data hold time 


‘| Data hold time referenced to RAS 


Refresh Period (Normal) 


Refresh Period (L-ver) 

Refresh Period (LL-ver) 

Write command set-up time 
CAS to W delay time 

RAS to W delay time 

Column address to W delay time 


CAS precharge to W delay time 
CAS set-up time (CAS-before-RAS refresh) 


CAS hold time (CAS-before-RAS refresh) 


RAS to CAS precharge time 


CAS precharge time (C-B-R counter test cycle) 


Access time from CAS precharge 


Hyper Page mode cycle time 


Hyper Page mode read-modity-write cycle time 


CAS precharge time (Hyper Page mode) 


RAS pulse width (Hyper Page mode) 


RAS hold time from CAS precharge 


OE access time 


OE to data delay 


Output buffer turn off delay time from OE 


OE commend hold time 


OE to Output in Low-Z 


Output data hold time 


Output buffer turn off delay from RAS 


él 
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AC CHARACTERISTICS (continued) 


6 -7 -8 
Parameter ‘Units | Notes 
Min | Max Min | Max Min | Max | - 


Output buffer turn off delay from W tWeEz 15| 3] 20 3 20| ‘ns Z 

W to data delay tWED 20 20 . ns | 

OE to CAS hold time tOCH 5 | 5 ‘ns 

CAS hold time to OE tCHO 5 5 “ns 

~~ iach cae 
OE precharge time toEP 5 5 ns 

W pulse width (Hyper Page Cycle) | twPeE 5 ns_| | 
RAS pulse width(C-B-R self refresh tRASS 100] 100 ws | 13 
RAS precharge time (C-B-R self refresh) tRPS | 130 150 ns 13 
CAS hold time (C-B-R self refresh) _ | tcxs -50 -50 ns 13 


KM416V254B/BL/BLL Truth Table 


RAS | CCAS | UCAS | W | OF | Dai-Das | Da-pae | STATE 
H x ae ae: x HI-Z HI-Z [__ Standby 
L H | =H X X HI-Z HI-Z Refresh 
L H H L DQ-OUT HI-Z Byte Read 
L H L H L HI-Z DQ-OUT Byte Read 
Ea ayes ae L H L DQ-OUT DQ-OUT Word Read _ 
L L H H DQ-IN - Byte Write 
L L L L H DQ-IN DQ-IN Word Write 
L ce ch a te HI-Z ij HI-Z : 


ee 
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NOTES 


1. 


2. 


3. 
4. 


5. 


7. 


18. 


19. 
20. 


An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before device operation 
is achieved. 

Vin(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are measured 
between ViH(min) and ViL(max) are assumed to be 5ns for all inputs except tHec and tHPRWC. 

Measured witha load equivalent to 1 TTL loads and 100pF, Voh=2.0V and Vol=0.8V 

Operation within the tacp(max) limit insures that trac(max) can be met. trcp(max) is specified as a reference point 
only. If tacp is greater than the specified tacb(max) limit, then access time is controlled exclusively by tcac. 
Assumes that tRcb >trRcb (max). 


. tar, twor, toHR are referenced to tRAD(max). 


This parameter defines the time at which the output achieves the open circuit condition and is not referenced to 
VOH or VOL. 


. twes, trwp, tcwo and tawp are non restrictive operating parameters. They are included in the data sheet as electric 


characteristics only. If twcs>twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tcwo >tcwo(min), two >trRwo(min) and tawD > tawp(min), then the cycle 
is a read-write cycle and the data output will contain the data read from the selected address. If neither of the 
above conditions are satisfied, the condition of the data out is indeterminate. 

Either tRcH or tRRH must be satisfied for a read cycle. 


. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in read- 


write cycles. 


. Operation within the trao(max) limit insures that trac(max) can be met. tRaD(max) is specified as a reference point 


only. If trap is greater than the specified tRao(max) limit, then access time is controlled by ta. 


. tasc > tcp min, Assume tT=2.0 ns 
. 512 cycle of burst refresh must be executed within 8ms before and after self refresh in order to meet refresh 


specification (LL-Ver) 


. If RAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS high going. If 


CAS goes high before RAS high going, the open circuit condition of the output is achieved by RAS high going. 


. tasc, tcAH are referenced to the earlier CAS falling edge. 


tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 
tewo is referenced to the later CAS falling edge at word read-modify-write cycle. 
tcw_ is specified from W falling edge to the earlier CAS rising edge. 
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tcsr is refernced to earlier CAS falling low before RAS transition low. 
tcHR is referenced to the later CAS rising high after RAS transition low 
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21. tbs, tDH, is independently specified for lower byte Din(1-8), upper byte Dinig~16) . 


LCAS 


tos 


tos tou 
NSN TTC EMD LON N TONS C STC O ONES NON ENS 


DOADAARADaASY 


=I 


ELECTRONICS 


KM416V254B/BL/BLL _ CMOS DRAM 


TIMING DIAGRAM 


WORD READ CYCLE 
NOTE : Din=OPEN 


tRc 


—. VH— 
RAS 
vcas OF == 


coms *- KY = a 
TRAD ml 
tRAH 
vin = AA aie Eo =a COLUMN =p XX) SIND 
Vi - XX? meee ADDRESS ‘a es XXX xy 
(ee 


ania 000,000.04 OG 
re mene e | AXQQOO YY) 


wl tcac tcEz 
ie tcLz 
VIH — TW 
DQi-DGe OPEN 7 XON DATA-OUT 
- == 
TRAC a 


; Viq - aN 
DQo9~DQis ne () PEN ree s SX DATA-OUT 
Vit ~ | toiz § 


> 


2) 
m 


Ky Don't Care 


ELECTRONICS 


KM416V254B/BL/BLL CMOS DRAM 


TIMING DIAGRAM 


LOWER BYTE READ CYCLE 
NOTE : DiNsOPEN 


trac 
tRAS tre 


tcrp 
ie trRec 


Vin —- AAKM/Y¥ 
vi- ALLY 


—— Vi — 
Vit 


UCAS 


tcrP 


—__. VI — 
LCAS ie = XXX 


> 


sod wel et 
= Se KO SE HOON 


) 
a |S 


* = OOO | ROOK 
a > ORIEN AXXXXXXKK 


fe) 
m 


Sa toez 
tCAc tn = 
DQ1~DQ: —- DATA- 
1 8 is OPEN KX OUT 1 
ViH 


DQo~ DQ 6 een () FF KY 
Vit — . 


KX Don't Care 


ELECTRONICS 


KM416V254B/BL/BLL | : CMOS DRAM 


UPPER BYTE READ CYCLE 
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WORD WRITE CYCLE (EARLY WRITE) 
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UPPER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE : Dout=OPEN 
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UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
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WORD READ-MODIFY-WRITE CYCLE 
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HYPER PAGE MODE WORD READ CYCLE 
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HYPER PAGE MODE LOWER BYTE READ CYCLE 
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HYPER PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE) 
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HIDDEN REFRESH CYCLE (WRITE) 
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PACKAGE DIMENSION ? 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (milimeters) 
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KM41C16000A/AL/ALL/ASL 


CMOS DRAM 


16M x1 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES 


« Performance range: 


KM41C16000A/AL/ALL/ASL-5 
KM41C16000A/AL/ALL/ASL-6 | 60ns 15ns 
KM41C16000A/AL/ALL/ASL-7 | 7Ons 20ns | 130ns 
KM41C16000A/AL/ALL/ASL-8 


« Fast Page Mode operation . 

* CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 
« Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

« Common I/O using Early Write 

¢ Single+5.0V+ 10% power supply 

« 4096 cycles/64ms refresh 

« 4096 cycles/128ms (Low Power & Self Ref.) 
« 4096 cycles/256ms (Super Low Power) 

¢ JEDEC standard pinout 

¢ Available in plastic SOJ and TSOPi(II) 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


Refresh Timer : 


Refresh Control 


Refresh Counter 
Row Address Buffer 
Col. Address Buffer 


AO~A11 


F Vec 


Memory Array 
16,777,216 x1 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM41C16000A/AL/ALL/ASL is a high 
speed CMOS 16,777,216 bit x 1 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM41C16000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and output are fully TTL compatible. 


The KM41C16000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Data in 
Buffer 


Sense Amps & lO 


Data out 
Buffer 


dice 


ELECTRONICS 


559 


KM41C16000A/AL/ALL/ASL | CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM41C16000 AJ/ALJ/ALLJ/ASLJ =» KM41C16000 AT/ALT/ALLT/ASLT + KM41C16000 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK . AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 


J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL S: 300MIL(Forward) SR : 300MIL(Reverse) 


Pin Name 


Address Inputs 


D Data In | 
Q Data Out 

RAS Row Address Strobe 

CAS Column Address Strobe 

WwW | Read/Write Input 

Vcc Power(+5.0V) 

Vss Ground 

N.C. No connection 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 
ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 
-Voltage on Any Pin Relative to Vss | Vin, VouT -1 to +.7.0 Vv 
Voltage on Vcc Supply Relative to Vss Vcc SAO AO V 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation PD i 2) 4 ect Ww fi 
Short Circuit Output Current los 50 mA 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


at!” 
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Parameter Symbol Min Typ Max Unit 
Supply Voltage Vcc 4.5 5.0 5.5 V 
Ground Vss 0 0 | 0 Vv 
Input High Voltage Vin 2.4 — Vec + 1 V 
Input Low Voltage Vit -1.0 _ 0.8 Vv 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol] Min | Max | Units 
KM41C16000A/AL/ALL/ASL-5 90 mA 
Operating Current* KM41C16000A/AL/ALL/ASL-6 ee 7 80 mA 
{RAS and CAS Cycling @trRc=min.) KM41C16000A/AL/ALL/ASL-7 70 “mA 
st KM41C16000A/AL/ALL/ASL-8 60 f mA 
KM41C16000A | 2 | mA 
Standby Current KM41C16000AL en P 1 mA 
(RAS=CAS=W=Vin ) KM41C16000ALL 1 mA 
. KM41C16000ASL 1 mA . 
; 
KM41C16000A/AL/ALL/ASL-5 | 90 mA 
RAS-Only Refresh Current" KM41C16000A/AL/ALL/ASL-6 as : 80 mA 
(CAS=Vin, RAS Cycling @trc=min.) KM41C16000A/AL/ALL/ASL-7 70 mA 
KM41C16000A/AL/ALL/ASL-8 - | [: 60 mA 
KM41C16000A/AL/ALL/ASL-5 80 mA 
Fast Page Mode Current” KM41C16000A/AL/ALL/ASL-6 (664 7 70 mA 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM41C16000A/AL/ALL/ASL-7 60 mA 
KM41C16000A/AL/ALL/ASL-8 50 mA 
KM41C16000A 1 mA 
Standby Current KM41C16000AL ies - 300 HA 
(RAS=CAS=W=Vcc-0.2V) KM41C16000ALL 200 | pA 
KM41C16000ASL 200 uA 
— KM41C16000A/AL/ALL/ASL-5 | 90 mA 
CAS-Before-RAS Refresh Current* KM41C16000A/AL/ALL/ASL-6 lege b> 80 mA 
(RAS and CAS Cycling @trc=min.) KM41C16000A/AL/ALL/ASL-7 70 mA 
KM41C16000A/AL/ALL/ASL-8 60 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViK}=Vec-0.2V ~ KM41C16000AL 450 aif 
Input Low Voltage(ViL)=0.2V CAS=CAS-Before-RAS KM41C16000ASL lec? - 350 A 
Cycling or 0.2V Din=Don't Care Trc=31.5«S(L-Ver.) 2 
62.54S(SL-Ver.), TRas<min~300ns 
561 


- KM41C16000A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


aramncter iY Sb Mn | | 
Self Refresh Current 

D,Q=Vcc-0.2V, 0.2V or Open 

Input Leakage Current | w | a0] 20 uA 
(Any input O<Vin <Vcc+0.5V, all other pins not under test=0 volts.) 

Output Leakage Current 

|(Bata out is disabled, OV< Vout <Vcc) 
Output High Voltage Level (loH=-5mA) 
Output Low Voltage Level (loL=4.2mA) 


*NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icca, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE cta=25°c, voc=5v, f=1MHz) 


[Parameter ———S*dC«S abot [Min | Max [Unit 


Input Capactiance AS,CASW SSC«d| «Cs S| S|) 
Input Capacitance (Q) . | cor | - | pF 


; 


AC CHARACTERISTICS (°C <Ta<70°C, Vcc=5.0V +0.5V, See notes 1,2) 


oe 


[Random readorwitecycetime | tao | oo] | ato) | go f | too] | ws | 
133) | 15 | 205] 
tac 


Access time from column address 


| CAS to output in Low-Z 
Output buffer turn-off delay | torr 


Transition time (rise and fall) 


~I 
oO 
[¢] 
> 
—_ 
= 


RAS precharge time re | ol | 
[PAS pulsewidth | ts | 


RAS hold time | tech | 
CAS hold time | tosh | 50 | 
CAS pulse wiath toss 10,000 | 15 


= 
a= 
o 
_ 


=a 
OQ 
J 
oO 
oO 
Nh 
oO 
— 
Oo 
3 


ao 
Oo 
ine] 
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KM41C16000A/AL/ALL/ASL | CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Row address set-up time 


Row address hold time 


Column address set-up time 


Column address hold time 


Column address hold time referenced to RAS 


Column address to RAS lead time 


Read command set-up time 
be command hold time referenced to CAS 
Read command hold time referenced to RAS 


Write command hold time 


Write command hold time referenced to RAS 


Write command pulse width 


Write command to RAS lead time 


Write command to CAS lead time 
Data set-up time 
Data hold time 
Data hold time referenced to RAS 
Refresh period (Normal) 
Refresh period (Low Power & Self Ref.) 
Refresh period (Super Low Power) 
Write command set-up time 
CAS to W delay time 
RAS to W delay time 
Column address to W delay time 
CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 
RAS to CAS precharge time 
CAS precharge time (C-B-R counter test cycle) |_ torr 
Access time from CAS precharge {CPA 


Fast Page mode cycle time | tec 


Fast Page mode read-modify-write cycle time tPRWC 


CAS precharge time (Fast Page mode) Ne 
RAS pulse width (Fast Page mode) tRASP 
RAS hold time from CAS precharge |_ trHoP 
Write command set-up time (Test mode in) twts 


Write command hold time (Test mode in) {wTH 


AM SUN Gg | 563 
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KM41C16000A/AL/ALL/ASL  __ CMOS DRAM 


AC CHARACTERISTICS (Continued) 


oe Saar ane 
in| Max | Min| Max | in| Max | Min | Max | 


Parameter 


W to RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 

| RAS pulse width (C-B-R refresh) 

RAS precharge time (C-B-R refresh) 

CAS hold time (C-B-R refresh) 


TEST MODE CYCLE " (Note 12) 


rorenietst Symbol Fin Max | win[ Max | Min[ Max | min| a Units | Notes 
Random read or write cycle time Pts | 95] fats] fas] | 155 ns | | 
eaaeiiae cycle time | twc | 138] | t60] | 190 210 ns 
| Access time from RAS | tac |. | 55] | 65) 75| @5| ns sa 1 | 
Access time from CAS | tac | | ta] 20 25 in 25; ns | 3,45 
aces time from column address ta | | 30] | 40 45 ns 3,11 | 
"| RAS pulse width aac Feel Gil 85 | 10,000| ns 
CAS pulse width | teas | 18] 10,000] 20{ 10,000] 25| 10,0001 25| 10,000| ns | 
JFAShodtime tom | tw] zo] | || 
CAS holdtime | tor | 55] | 6] | 25 85 ns 
Column address to RAS lead time 
tcwo | 18 


CAS to W delay time 


RAS to W delay time | two | 55 65 75 85 | highs 
Column address to W delay time . | tawD 35 “| 45 _[_ ns 8 | 
Fast Page mode cycle time i tpc 45 50 ale 56 | ns 


Fast Page mode read-modify-write cycle time 58 


RAS pulse width (Fast Page Mode) tRASP 200,000 
Access time from CAS precharge tCPA 


200,000 a 200,000) 85 200,000) ns 
45 = 50 ne | 3 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 


NOTES 


1. An initial pause of 200s is required after power-up read-write cycle and the data output will contain 


followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 
. ViH(min) and Vit(max) are reference levels for 


duration of the cycle. If tcwo>tcwo(min), tawo> 
tRwo(min) and tawD >tawp(min), then the cycle is a 


ea 


ELECTRONICS 


the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


measuring timing of input signals. Transition times 9. Either tRcH or tRRH must be satisfied for a read 
are measured between ViH(min) and Vit(max) are cycle. -25 
assumed to be 5ns for all inputs. 10. These parameters are referenced to the CAS 

. Measured with a load equivalent to 2 TTL loads leading edge in early write cycles and to the W 
and 100pF leading edge in read-write cycles. 

. Operation within the trcp(max) limit insures that 11. Operation within the tRap(max) limit insures that 
trac(max) can be met. trcp(max) is specified as a trac(max) can be met. tRaD(max) is specified as a 
reference point only. If trcb is greater than the reference point only. If trap is greater than the 
specified tacp(max) limit, then access time is specified tRAD(max) limit, then access time is 
controlled exclusively by tcac. controlled by taa. 

. Assumes that tcp >trcb (max). 12. These specifications are applied in the test mode. 

. tAR, tWCR, tDHR are referenced to tRAD(max). 13. In test mode read cycle, the value of trac, taa, tcAc 

. This parameter defines the time at which the is delayed by 2ns to 5ns for the specified value. 
output achieves the open circuit condition and is These parameters should be specified in test mode 
not referenced to VoH or VoL. cycles by adding the above value to the specified 

. twcs, tRwD, tcwo and tawp are non restrictive value in this data sheet. 
operating parameters. They are included in the 14. toFF(max) and toEz(max) define the time at which 
data sheet as electric characteristics only. If twcs> the output achieves the open circuit condition and 
twcs(min) the cycle is an early write cycle and the are not referenced to output voltage level. 
data output will remain high impedance for the 15. 4096 cycle of burst refresh must be executed 


within 16ms before and after self refresh, in order 
to meet refresh specification. 
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TIMING DIAGRAMS 
READ CYCLE 
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TIMING DIAGRAMS (continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 


FAST PAGE MODE ss il CYCLE (EARLY WRITE) 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS continued) 
RAS-ONLY REFRESH CYCLE 


Note: W, = Don’t care 


RAS 
CAS 


» WN CES i WAAAY AAA AKAD 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, A=Don’t Care 


—_ 


‘tRO— 


RAS 


CAS 


D,Q 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, A=Don't Care 


Xx DON’T CARE 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (continuea) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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TIMING DIAGRAMS (continued) 


TEST MODE IN CYCLE 
Note:.D, Address: Don't Care 


= Vin — AAPIVVVVVV/V' VY 
SRY 


TEST MODE DESCRIPTION 


The KM41C16000A/AL/ALL/ASL is the RAM organized 
16,777,216 words by 1 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao, A1, A1o and A11 are not 
used. If, upon reading, 16 bits are equal (all "1"s or "O"s) 
the Q pin indicates a "1".° 

If they were not equal, the Q pin would indicate a "0". In 


AX 


ALVAVALA LL 


LSI 


OPEN 


Ga DON'T CARE 


"Test Mode", the 16M DRAM can be tested as if it were 
a 1Mx1 DRAM. W, CAS-BEFORE-RAS Cycle (Test 
Mode in Cycle) puts the device into "Test Mode". And 
"CAS-BEFORE-RAS REFRESH. CYCLE" or “RAS-only | 
Refresh Cycle" puts it back into "Normal Mode". The 
"Test Mode" function reduces test time (1/16 in cases of 
N test pattern). 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


| 
i 
| 
75) | 


295 (7.49) 


0. 

0.305 (7. 
oo ; 
= oer 


0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 


0.012 (0.30) 


0.128 (3.25) 
0.145 (3.68) 


0.670 (17.02) 
0.680 (17.27) 


0.026(0.66) 
0.032(0.81) 


1 


i 
0.050(1.27) 0.015(0.38) 
TYP | 0.021(0.53) 


0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(I!) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 


0.671 (47.04) 


0.679 (17.24) 


| | 0.048 (1.22) 0.012 (0.30) | 
0.052 (1.32) 0.020 (0.50) | 0.037 (0.95) 


TYP 


i] 
0.039 (1.0) 
0.047 (1.20 


0.005 (0.13) 
0.008 (0.20) 


) i 0.302 (7.67) | 
———" 
0.324(8.22) 
0.359 (9.12) 
: 0.367 (9.32) 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


_ 0.025(0.64) 
MIN 


0.360(9.10) 
0.380(9.65) 
0.430(10.90) 
0.445(11.30) 
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| 
hie 
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ATE Ut TET Lt Tt 


~ 0.050/1.27) | 0.015(0.38) Z | 0.026(0.66) 
TYP 0.021(0.53) 0.032(0.81) 


0.050(1.27) 
MAX 
24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE . 
(400MIL, Forward and Reverse Type) 
, 0.03 (0.80) 


0.398 (10.11) 
0.402 (10.21) 
0.459 (11.66) 
0.467 (11.86) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


ID] 0.003 (0.08) | aoe aa fue gatagagugags | 
= 0.048 (1.22) 0.012 (0.30) | 
| 0.052 (1.32) 0.020 (050) | 0.037 (0.95) 
0.016 (0.40) | 
0.024 (060) 


TYP 
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KM41C16002A/AL/ALL/ASL 


CMOS DRAM 


16M x1 Bit CMOS Dynamic RAM with Static Column Mode 


FEATURES 


- Performance range: 


KM41C16002A/AL/ALL/ASL-5 | 50ns | 13ns | 90ns 


KM41C16002A/AL/ALL/ASL-6 | 60ns | 15ns | 110ns | 
KM41C16002A/AL/ALL/ASL-7 
KM41C16002A/AL/ALL/ASL-8 


¢ Static Column Mode operation 

* Self Refresh Operation (LL-ver, only) 

- CS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

« Early write or output enable controlled write 

¢ Single+5.0V+ 10% power supply 

* 4096 cycles/64ms refresh (Normal) _ 

* 4096 cycles/128ms refresh (Low power & Self Ref.) 
¢ 4096 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 
Available in plastic SOJ and TSOP(II) 


FUNCTIONAL BLOCK DIAGRAM 


Control! 
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gq aA 2 


Refresh Timer 
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Refresh Control 
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Vcc 
Vss 
VBB Generator 


Memory Array 
16,777,216 x 1 
Cells 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM41C16002A/AL/ALL/ASL is a high 
speed CMOS 16,777,216 bitx1 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM41C16002A/AL/ALL/ASL features Static 
Column Mode operation which allows high speed 
random access of memory cells within the same row. 


CS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and output are fully TTL compatible. 


The KM41C16002A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 
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KM41C16002A/AL/ALL/ASL — CMOS DRAM 


PIN CONFIGURATION (top views) 


* KM41C16002 AJ/ALJ/ALLJ/ASLJ +» KM41C16002 AT/ALT/ALLT/ASLT + KM41C16002 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 


Vcc - 


J: 400MIL T: 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL S: 300MIL(Forwara) SR : 300MIL(Reverse) 


Pin Function 


Pin Name 


Address Inputs 


Data In 


Data out — 

Row Address Strobe 
ak Chip Select input 
Read/Write Input 
Power(+5.0V) 


Ground 


No Connection 


Ps 
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KM41C16002A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


-1 to + 7.0 
-1to +7.0 
-55 to + 150 
1 
50 


Voltage on Any Pin Relative to Vss Vin, VouT 


Voltage on Vcc Supply Relative to Vss 


Storage Temperature 


Power Dissipation 
Short Circuit Output Current 


* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Supply Voltage 
Ground 
Input High Voltage 
Input Low Voltage 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions. unless otherwise noted) 
KM41C16002A/AL/ALL/ASL-5 90 mA 
Operating Current* KM41C16002A/AL/ALL/ASL-6 80 mA 
(RAS and CS Cycling @trc=min.) KM41C16002A/AL/ALL/ASL-7 70 mA 
KM41016002A/AL/ALL/ASL-8 60 mA 
KM41C16002A 2 mA 
Standby Current KM41016002AL 1 mA 
(RAS=CS=W=Vii ) KM41C16002ALL 1 mA 
KM41C16002ASL 1 mA 
KM41016002A/AL/ALL/ASL-5 90 mA 
RAS-Only Refresh Current* KM41C16002A/AL/ALL/ASL-6 80 mA 
(CS=Vin, RAS Cycling @trc=min.) KM41C16002A/AL/ALL/ASL-7 70 mA 
KM41C16002A/AL/ALL/ASL-8 60 mA 
KM41016002A/AL/ALL/ASL-5 80 mA 
Fast Page Mode Current* KM41C16002A/AL/ALL/ASL-6 lec 70 mA 
(RAS=Vit, CS, Address Cycling @tec=min.) KM41C16002A/AL/ALL/ASL-7 60 mA 
KM41C16002A/AL/ALL/ASL-8 50 mA 
KM41C16002A 1 > mA 


Standby Current KM41C16002AL fee HA 
(RAS=CS=W=Vcc-0.2V) KM41016002ALL BA 
KM41C16002ASL HA 
KM41C016002A/AL/ALL/ASL-5 mA 
CS-Before-RAS Refresh Current" KM41C16002A/AL/ALL/ASL-6 mA 
(RAS and CS Cycling @tac=min.) KM41C16002A/AL/ALL/ASL-7 mA 
KM41C16002A/AL/ALL/ASL-8 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vcc-0.2V 
= ma RE ae KM41C16002AL HA 
Input Low Voltage(Vit)=0.2V CS=CS-Before-RAS KM41C16002ASL AN 


Cycling or 0.2V D=Don't Care trc=31.25ps(L-Ver) 
62.54s(SL-Ver), tras =tRas_ min~300ns 


PSimsunig | ” 


ELECTRONICS 


KM41C16002A/AL/ALL/ASL  __ CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (ontinuea) 


(Recommended operating conditions unless otherwise noted) 


po Parameter | Symbol] Min | Max | Units | 


Self Refresh Current 
RAS=CS=0.2V 
WeAo-A11=Vcc-0.2V or 0.2V KM41C016002ALL Iccs 300 
Vec-0.2V, 0.2V or Open 
Input Leakage Current -10 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) 
Output Leakage Current 10 
(Data out is disabled, OV<VouT< Vcc) 


Output High Voltage Level (lox=-5mA) ty 


Output Low Voltage Level (lo.=4.2mA) | 


*NOTE: Icc1, Icc3, lcc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one Static Column cycle. 


CAPACITANCE (ta=25°c, Vcc=5v, f=1MHz) 


Input eepeciae ae S, W) 


Eee Fa 


(OC< 


Random read or write cycle time tRC 


| | | tof | 30 
Pest jews o/c tine two We st _tve}_L | _ 
Access time from RAS tRAC = 50 70] | 

Access time from CS 


Access time from column address 


CS to output in Low-Z 


Output buffer turn-off delay 


Transition time (rise and fall) 


RAS precharge time 
RAS pulse width 
RAS hold time 

CS hold time 


CS pulse width . 

RAS to CS delay time 

RAS to column address delay time 15 

C§ to RAS precharge time tcrP 

= | Co < 
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KM41C16002A/AL/ALL/ASL | | CMOS DRAM 


AC CHARACTERISTICS (continued) 


Row address set-up time fue] of | of | of fof is | 
Row address hold time fn | so] | wo} | tof os | 
Column address set-up time . fuss | of | of | of | of [rs] | 
Column address hold time | ton | tof | tof | asf fs] sf ns | 
Column address hold time referenced to RAS ltr | 4] | sof | 55] =| oo] [rs| 6 | 
Column address to RAS lead time ita | 25; | 30] | as] ssa 
Read command set-up time Its | of | of | ol 


Read command hold time referenced to CS 


— pr |rm ja — 
a o}oO ju on 


Read command hold time referenced to RAS 


a: 
2/23 /8 
2 |= {lz 
—_ 

Oo 


Write command hold time 


= 
3S 
Bs] 
| 
o 


Write command hold time referenced to RAS 
Write command pulse width 

Write command to RAS lead time 

Write command to CS lead time 

Data set-up time 

Data hold time 

Data hold time referenced to RAS 


Refresh period (Normal) 


os 
oO 
” 


ae Ph jr |= lan - 

a mo FO TOT OTN 
=) 

—_= | 

oOo |oO 


on 
ai 


gig is ais jz 
m is oe fo 
ae | = = = 
> = y 
| | 
— wo Jo = {ou fom — 


ot 
Pe] 
m 
mal 
— 
NO 
[oe] 


Refresh period (Low power & Self Ref.) 
Refresh period (Super Low power) 


os 
ale 
m 
mn 
we] 
oi 
Lop) 


~ |Write command set-up time twcs 
CS to W delay time towo | 15 
RAS toWdelay time trwo | 50 
Column address to W delay time 


Le 
| a | 
| 8 | 
CS set-up time (CS-before-RAS refresh) tcsR | 10 | | tol | to] fo 
CS hold time (CS-before-RAS refresh) tCHR | tof | to] 15 Pons | | 
RAS to CS precharge time Sa aaa are 
~ 1S precharge time (C-B-R counter test cycle) tcpr | 20 Be 
3 
—_ 
3, 12 
ie 
oe 
eed 
ene 


Static column mode cycle time tsc | sof =| as] | 40 aa 
Static column mode read-write cycle time | tsrwc| 50] | eo] | 70 80 

Access time from last write tALW | sol =| ssf | ws] | 5] ons | 

Output data hold time from column address tAOH sf | 5) [sl [ s[ | re] 

Output data enable time from W tow | 35} | aol | asf | ss | rs | 

RAS pulse width (Static column mode] traso | 50| 200000| 60 | 200000 

CS pulse width (Static column mode) . tesc 13 200000 200000 | ns | 


CS precharge time (Static column mode) tcp Ree ee 10 ns 


Column address hold time referenced to RAS rising | taH ns 


5 5 
Last write to column address delay time tLWAD 25 30 35] ns 


© 
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AC CHARACTERISTICS (Continued) 


KM41C16002A/AL/ALL/ASL CMOS DRAM 
pe eee | 
Last write to column address hold time | twuw| sof | 55{ | os] | ef fs | 

Write command inactive time SE eae aie 


RAS hold time referenced to OE 
Write address hold time referenced to RAS 


Write command set-up time (Test mode in) 


Write command hold time (Test mode in) 
W to RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 
RAS pulse width (C-B-R self refresh) 


RAS operas time ue B-R self i 


[Shoaine CaAsetrete) | tows | of | of [of of [os | | 


TEST MODE CYCLE (Note. 12) 


malate leet |= 
| Min| Max | win] Max | Min] Max | win| Max | 

Random read or write cycle time ltec | 95) fas} — fa35] sf ass] ws | 
fsenarencasn [meal [ool [ol [ol T= — 

paces tine tom RAS jw | | {| es] | 75] | 5] os | gant | 
acces tine fom OS fiw | | rf [| 2) | a5] | 25] os | 4s | 


Access time from column address aE ee 
RAS pulse width 10,000} 65] 10,000 es a a 


CS pulse width 
RAS hold time 
CS hold time 
Column address to RAS lead time 
CS to W delay time 
RAS to W delay time 


Column address to W delay time 


Static column mode cycle time 


oO 


= 
oOo 
SoS 
oS 
oS 
ye] 
on 
=_ 
<=) 
o 
So 
o 


3/31 
= |= 1g 
Oo 
on} |~ |} hh [MS 
apo; ona nla 
Lo] 
a 


= 
a 
a 


— 
alo] in 
Alal|an {so 


oe ee onal 
o¢2) 
Lm | 
oO 
~m — 
Ss —) 
8 S 
S =) 


> > > |M [PM 


Static column mode read-write cycle time 


RAS pulse width (Static column mode) tRASC 


Access time from last write taLW 


ho 
Ss 
[J 
Qo 
oO 


50 
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KM41C16002A/AL/ALL/AS 


CMOS DRAM 


NOTES 


1. 


ao 


An initial pause of 200«s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. ViH(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for ail inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF. 


. Operation within the trcp(max) limit insures that 


trRac(max) can be met. trcD(max) is specified as a 
reference point only. If tacp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tacb >tRcD (max). 
. tar, twcr, tDHR are referenced to trap(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VoH or VoL. 


. twos, tRwD, tcwo and tawpd are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. if twcs > 
twes(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcewo>tcwo(min), tRwo> 
trwpD(min) and tawo>tawp(min), then the cycle is a 


10. 


11. 


12. 
. In test mode read cycle, the value of tRAc, taa, tcAc 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data output is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CS leading 
edge in early write cycles and to the W leading 
edge in read-write cycles. 

Operation within the trap(max) limit insures that 
trac(max).can be met. trRaD(max) is specified as a 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is 
controlled by tas. 

These specifications are applied in the test mode. 


is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

toFF(max) and toEez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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TIMING DIAGRAMS 


READ CYCLE 
tre 
tap 

Ras YH tans 
RAS as A 

; = =n 
eee ss CLs 0 = NNN 
we wT —F 

Tf = pe: 

Ww ~ RORY Lert ens ptt tor NY Oy 


trac 
Vou— | 
oe WY VALID DATA ) 
Vor — Ly 


WRITE CYCLE (EARLY WRITE) 


RAS 


S| 


trp 


- “tras 


iH Ul 
Vi — 
tawr i 
tesH 
tasr i) tran ee 


vc — SRO row sooness FRSA coun anoness KAOLIN 


tcrp 


Vin 
Vii 
XX sy, twou 7 XX ) %) 7, TeV AVAVAVAY, 
TT RR i tw FOLEY 
tawe 
tou 
He RRR vaso oar OOO 
ae a eran ele OPEN 


Vo. 


KX DON’T CARE 
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KM41C16002A/AL/ALL/ASL | CMOS DRAM 


TIMING DIAGRAMS (Continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 


trwe 


Ngis tras 


RAS 
Vi 


trwe 


tasr tran toan 


= 
Vin — YY YYYR YY Y YY YY YYYY YY YY 
Aso 9, = OO nomanress SOND OU _“cntiew ataness OOO 


XKY 
XX 
taco 
= =e 7 : 
| CRP 
ney if —— i 
aS tres i 
fas 


Vin ~ WY RNY SO 
ve DOORS 
Vn — YYYYYYYYYYVYyYyyyvyyyryry YYYYYYVYYYYVYVYWVWYV_V VY VYVYVWV Y¥ 
trac A torr 
teiz . 


STATIC COLUMN MODE READ CYCLE 


=| 


-trasc tap 


trap tore 


Vin — 
R 
AS vos | 

t F 
" - 

DED ae Kemal aan KOT 
A ROW ADD \ COLUMN AD 

ve KYL Appress 1X press X COLUMN ADDRESS Ky 


trRH 


, tar 
tee i= 
i 


DERE SSS . 
—_ Vin — YYYV YY XY YYVY Y¥ ¥X VAT AAV AY, 
We KKK ts ROOK 
torr 
trac — lie 
ae NCEE: 


teiz 
RY DON'T CARE 
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‘KM41C16002A/AL/ALL/ASL CMOS 


DRAM 


TIMING DIAGRAMS continueg) 
STATIC COLUMN MODE WRITE CYCLE (W CONTROLLED EARLY WRITE) 


tre 
Vin — trasc 
Vit 


RAS 


tray 


tasr tcaH trac > 


aaa 
Vin -— XX ROW XX COLUM % ‘0 ay aalere) VV VV VVVVKVVN 
nV Xi avons AXIOM aooness Oy CO Ao oR SS KKK XXX RIXK 


tawr a tasH 
; trap earl tesc top tore 
ie J RKKKKR ALKRKKR 
“ Vi — N AY YX, KXXX XOX f 
SPREE 
i mi twes t 
wi 
Pena | eee Oe 
W Vin twe 
Vii — . 
tour = 
tos a twon 


ton 


“— SY YY YAMAAY Y \/\) VN VY YAS YAA/SYYVA/ 
DE RM bate DK Dare XD XX KX 


Q = i renee C)/P EN 
ol 


STATIC COLUMN MODE WRITE CYCLE (CS CONTROLLED EARLY WRITE) 


tre 


: = : trasc 
RAS Vin 


ea tran FA _| tRAL 
Vin — XYXX XX XX WwW YY x COL X COL YY 
AT BY) LA OX 00 OY) wa 
a 


pp W ‘ \ 


Y 


on : 
(eames N. RP 
1 - ‘ 
aa = 
a3 Vie— YYVYVYVYVYVVVY XY XX ¥ S "VAY AT AYAY, 
Wa OOOKAL I [rer Oren 
es 
Vu YY YY YVYYY YY YY ¥ ¥ , y, Va, VaVavaV ay, 
p Ve RM pare DAM) SM Data PRK 
Q me ian ee ee ee ee OPEN 


RXR 


BY 


RK 


DWAA/SYY/Y ¥ 
RERRERKX 


RY DON’T CARE 


et” 
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KM41C16002A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
STATIC COLUMN MODE READ-WRITE CYCLE 


Vin — 
Vi 


RAS 


tasr 


9 L__ = psec 
/ CDE EE OES ER 


ce OHO roan 
Va — es Kt 


t, 
tawo 
Vin — ww«,-,,, —— 
i 


=| 


/ 


Vin — PYYYYVYY YYPhYAYPY IVY VY IIVYUYY VV Y, VaVaVAay, 
D OOOO, BAR PKK RK 
WOH t , 


Liv LYAANLN 


LN 
AA 


torr 


trac 


fa tow 
Vou — rX\ VY YYY Yi 
Oa. ee OC om TDL vam ORY 


terz taw 


STATIC COLUMN MODE MIXED CYCLE 


RAS Vin taco taniw 
Vi 


trasc trp 


BY 


tasr 


tray 


al 2 
AM TRA ROW K DE covumn KAR con. KN COL DOK 


Gs Grae 


0 AE KOC Bata SROKA KKK DATA _PAXK KX! 


Li hires 
twou 

Vox a VALID XXX : VALID x 

: Se Si 


Vin — 
Vi — 


=| 


iA \ x ¥ 


Vor — 


rare BEAD READ-MODIFY-WRITE 


RY DONT'T CARE 
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'KM41C16002A/AL/ALL/ASL 


TIMING DIAGRAMS 6 continued) 


RAS-ONLY REFRESH CYCLE 
NOTE: W, D=Don't Care 


tac 
tap 
RAS Vi tras 
Vii : 

_ tor ; trec = tore 
eas Vin — YIVWVVVVVYVVV VAG TAVAAAVAVAVAN, 
Be RY XK YY 

tasr. tran 
Vu YYXXXXXKXYXYXXYXY UIVIVVYVVVYYYVYYY YY 
A ORT Row ADorESS HN A KKK KD 
Q “a | OPEN 
CS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address=Don’t Care 
tac 
tre 
ees Vi — tras 
RAS Vos 
trec 
top st tour treo 
ae Viw — AA VASA /VVV/ 
>= a LEN 
twry 
oe HOOT VVUY/V/YVVVV VY YY YVYVYVYV YY VV YYVWVYYYYVYVWVYVVY ¥ YYVYYVYVV VV ¥ ¥ : 
WE OY XK KNX RAXKRANR 
torr 
Q | - 2 A OPEN 


CMOS DRAM 


Ko DON'T CARE 


Priusunag 
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KM41C16002A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 


RAS 


=| 


Q 


RAS 


=| 


tasr 


a MORTON 


oes | a aos 
EEE OC HELE 


n 
1 CRY NO ROOK 


trac 
we ( KW VALID DATA ) 


: tcLz 
HIDDEN REFRESH CYCLE (WRITE) 


tras tap tras 


Vin i 
Va ; \ 
trap i 
tran | | 
tasr tasc a 


LI tRaL 
[ toan | 


=a 
XK, adores DXXK Sonate RL GON COO NX ROKNY 


twrH 


Vie YVVVVVVVVVVVVVVVVY Y 


Vit 


Nk HR 


toHR 
KX DON’T CARE 


Vou — OPEN 
Vor — 
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KM41C16002A/AL/ALL/ASL | CMOS DRAM 


TIMING DIAGRAMS 6 continued) . 
CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


tap 


tras pees 
Vin— trsH 
RAS Vii — . | ( 
tcsr 
= |= 
Viq— eee | Seen OX XXX KKK KK KK KKK XK) 
A RRS ADDRESS KY 


READ CYCLE 


Vou 


Q VALID DATA ) 


Ii 


Vo.— ' 
WRP 


= nH--« XK YX YY VW LC YVYVVY Wave 
WT RORY KY RR 


tron 


WRITE CYCLE 


Vow 
Q 
Vor— 
ie 
; ie 
= n— YYVVN Kv VYVVYY AI VV VV VV 
WT ORRXY, RX SRR SQOonws 
VY YVY YY Y P/V SS YY pi VV/VJ/S YS SS VS/SY VY VV ¥ 
Dn OC van pata KYL 


READ-WRITE CYCLE 


Q Vou— 
Vor— 


twre 


VSYAV/VJAAAAS/YY Y 
KKK 


tewo twe twou — 


De OOK KAKO KKK ae KKK 


RY DONT CARE 
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KM41C16002A/AL/ALL/ASL CMOS DRA 


TIMING DIAGRAMS (continued) 


TEST MODE IN CYCLE 
Note: D, Address: Don’t Care 


tcsr |. . 
a Vi-= ; tour VAT AC AVAVAV AV AV AVAVAVAVAVAVAVAVAVAN, 
ie LO 
a Viw = TVAIV wn iW, 
Pi, SER EIN NN 
Q - 7 » OPEN 


, KY DON'T CARE 


TEST MODE DESCRIPTION 


The KM41C16002 is the RAM organized 16,777,216 If they were not equal, the Q pin would indicate a 0.” 
words by 1 bit, it is internally organized 1,048,576 words In “Test Mode,” the 16M DRAM can be tested as if it 
by 16 bits. In “Test mode,” data are written into 16 sec- were a 1M x1 DRAM. W, CS-BEFORE-RAS Cycle (Test 


tors in parallel and retrieved the same way. Column ad- Mode in Cycle) puts the device into “Test Mode.” And 
dress bit Ao, A1, Ato and Ay, are not used. If, upon rea- “GS-BEFORE-RAS REFRESH CYCLE” or “RAS-only 
ding, 16 bits are equal (all “1” or “O”s) the Q pin indi- Refresh Cycle” puts it back into “Normal Mode.” The 
cates a “1.” “Test Mode” function reduces test time (1/16 in cases 


of N test pattern). 
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KM41C16002A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS | 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD Cots tne alimels >) 


ae 0.025(0.64) 
MIN 


0.430(10.90) 
0.445(11.30) 


0.380(9.65) 


0.360(9.10) 


© 
ae 
° 
= 
ro) 
rs) 
= 
ro) 


: 0.008(0.20) 


0.725(18.42) Z| 0.144(3.66) | 
MAX 


T 5 
Blecmen) YAR 
0.050(1.27)| 1 : 0.015(0.38) | 0.026(0.66) 


TYP | 0.021(0.53) 0.032(0.81) 


0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(Forward and Reverse Type) 


0.03 (0.80) 


0.402 (10.21) 
0.459 (11.66) 


0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


0.723 (18.36) 
ee 
0.727 (18.46). 


u i AAA 
i - 0.048 (1.22) 0.012 (0.30) | i 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 


TYP 


0.016 (0.40) | | 
0.024 (0.60) 
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4M x4 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES GENERAL DESCRIPTION 


e Performance range: The Samsung KM44C4000A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


KM44C4000A/AL/ALL/ASL-5 | 50ns 
KM44C4000A/AL/ALL/ASL-6 | 60ns | 15ns 
KM44C4000A/AL/ALL/ASL-7 | ons. | 20ns 

KM44C4000A/AV/ALL/ASL-8 | 80ns | 20ns | 


The KM44C4000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


« Fast Page Mode operation 

« CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 
¢ Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 


» Early write or output enable controlled write The KM44C4000A/AL/ALL/ASL is fabricated using 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


¢ Single+5.0V = 10% power supply 

« 4096 cycles/64ms refresh (Normal) 

« 4096 cycles/128ms refresh (Low power & Self Ref.) 
« 4096 cycles/256ms refresh (Super Low power) 

e JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(II) 


Samsung's advanced CMOS process. 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


: Vcc 


Data in 
Buffer 


Refresh Control! 


Q 
6 DQI 
Memory Array Q to 
Refresh Counter 4,194,304 x4 & DQ4 
Cells B 
® 
” 


AO~A11 [| Row Address Buffer 
; Data out 
Buffer OE 
AQ~AQ Col. Address Buffer Column Decoder 


am - 
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KM44C4000A/AL/ALL/ASL CMOS DRAM 


PIN CONFIGURATION (top views) 


q 


* KM44C4000 AJ/ALJ/ALLJ/ASLJ =» KM44C4000 AT/ALT/ALLT/ASLT =» KM44C4000 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 


J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
K: 300MIL S : 300MIL(Forward) . SR: 300MIL(Reverse) 


Pin Name Pin Function 


Address Inputs 
DQ1~4 Data In/Out 
= | Ground 
RAS = Row Address Strobe 
E CAS Column Address Strobe 
Ww Read/Write Input | 
OE | Data Output Enable 
Vcc Power(+5.0V) 
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KM44C4000A/AL/ALL/ASL | CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


Voltage on Any Pin Relative to Vss Vin, VouT -1to +7.0 


Voltage on Vcc Supply Relative to Vss Vcc -1to + 7.0 


Storage Temperature Tstg -55 to + 150 


Power Dissipation Pp 1 


Short Circuit Output Current los 50 


* 


' Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 


should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 


absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0'to 70°C) 


Parameter Symbol Min Typ Max 


Unit 
Vv 


Supply Voltage Vcc 4.5 5.0 5.5 


Ground Vss 0 


Input High Voltage VIH 2.4 —~ Vec +1 


Input Low Voltage -1.0 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 


él” 


ELECTRONICS 


Parameter Symbol; Min | Max | Units 
KM44C4000A/AL/ALL/ASL-5 
Operating Current* KM44C4000A/AL/ALL/ASL-6 eal 80 mA 
(RAS and CAS Cycling @trc=min.) KM44C4000A/AL/ALL/ASL-7 70 mA 
KM44C4000A/AL/ALL/ASL-8 60 mA 
KM44C4000A i 2 | mA 
Standby Current KM44C4000AL 5c : 1 mA 
(RAS=CAS=W=Vu ) KM44C4000ALL 1 mA 
KM44C4000ASL 1 mA 
KM44C4000A/AL/ALL/ASL-5 90 mA 
RAS-Only Refresh Current* KM44C4000A/AL/ALL/ASL-6 ees 80 mA 
(CAS=Vin, RAS Cycling @tac=min.) KM44C4000A/AL/ALL/ASL-7 70 mA 
KM44C-4000A/AL/ALL/ASL-8 60 mA 
KM44C4000A/AL/ALL/ASL-5 80 mA 
Fast Page Mode Current* KM44C4000A/AL/ALL/ASL-6 ia 70 mA 
(RAS=Vit, CAS, Address Cycling @tpc=min.) KM44C4000A/AL/ALL/ASL-7 60 mA 
KM44C4000A/AL/ALL/ASL-8 50 mA 
+ — 
KM44C4000A 1 mA 
Standby Current KM44C4000AL aes 300 HA 
(RAS=CAS=W=Vcc-0.2V) KM44C4000ALL 200 LA 
: KM44C4000ASL | 200 HA = 
KM44C4000A/AL/ALL/ASL-5 90 mA 
CAS-Before-RAS Refresh Current* KM44C4000A/AL/ALL/ASL-6 ae 80 mA 
(RAS and CAS Cycling @trc=min.) KM44C4000A/AL/ALL/ASL-7 70 mA 
KM44C4000A/AL/ALL/ASL-8 60 | mA | 
Battery Back Up Current Average Power Supply Current, : 
Battery Back Up Mode, Input High Voltage(Vi)=Vcc-0.2V 
Input Low Voltage(Vi)=0.2V CAS=CAS-Before-RAS cane: icc7 ps % : 
Cycling or 0.2V Din=Don't Care Trac=31.25uS(L-Ver) i. 
62.54S(SL-Ver), TRas < min~300ns 
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DC AND OPERATING CHARACTERISTICS (ontinueg) 


(Recommended operating conditions unless otherwise noted) 


armen YS in [| ri 


Self Refresh Current 
RAS=CAS=0.2V 
W-OE=Ao-A11=Vcc-0.2V or 0.2V eee ii a 
DQ1-DQ4=Vcc-0.2V, 0.2V or Open 
Input Leakage Current : ; . 
(Any input O<ViN <Vcc+0.5V, all other pins not under test=0 volts.) My ue ue ae 
Output Leakage Current ow) -10 
(Data out is disabled, OV<VouT< Vcc) . 
Output High Voltage Level (loH=-5mA) sae 
Output Low Voltage Level (loL=4.2mA) | vo | - | o4 |] v | 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25'c, vec=5v, f=1MHz) 


Parameter 


Random read or write cycle time 


Read-modify-write cycle time 


Access time from RAS 60 | |} | eo] ns | 341 | 


Access time from CAS 


Access time from column address 
CAS to output in Low-Z 
Output buffer turn-off delay 


Transition time (rise and fall) 


RAS precharge time 

RAS pulse width 

RAS hold time 

‘|CAS hold time 

CAS pulse width 

RAS to CAS delay time 

RAS to column address delay time 
GAS to RAS precharge time 


Row address set-up time 


ELECTRONICS 
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KM44C4000A/AL/ALL/ASL 


CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Parameter Symbol a2 as - a = Units ts 
Min| Max | Min} Max | Min| Max | Min ax 
Row address hold time {RAH 10 10 Mle 10 10 1 ns 
Column address set-up time tasc 0 0 0 oO; ns 
Column address hold time tcaH_ | 10 10 15 15 ns 
a a a an aa a 

Column address hold time referenced to RAS — taR a 40 45 ice 60 ns 6 
Column address to RAS lead time traL | 25 30 35 40 ns 
Read command set-up time tRCS 0 0 0 a ns 
Read command hold time referenced to CAS tRCH of 0 0 | ns 9 
Read command hold time referenced to RAS tRRH 0 0 0 oO} ns 
Write command hold time {WCH 10 10 15 i 15 ns 
Write command hold time referenced to RAS twcr | 40 45 ee 60 | | ns 6 i 
Write command pulse width |_ twp 10 AG Th 5 15 ns 
Write command to RAS lead time trw. | 15 15 20 _ 20 ale 
Write command to CAS lead time tow | 13 15 20 | iil: zo] | ns 
Data set-up time tds 0 0 0 0 ns 10 
Data hold time ltr | tol | 10 15 15 ns | 10 
Data hold time referenced to RAS tOHR 40 —_— 45 55 60 | dt ns | 8 | 
Refresh period (Normal) tREF | ef =] sa | 64 64) ms 
Refresh period (Low power & Self Ref.) tREF | | 128 128 128 128] ms 
Refresh period (Super Low power) tREF 256 256 256 256 | ms 
Write command set-up time ions 0 0 0 0 | ns 8 
CAS to W delay time town | 36 40 50 50 ns 8 
RAS to W delay time two | 73 85 ie 100 110 | sik ns 8 
Column address to W delay time | two | 48 55 | 65 a ae 0 ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsrR 10 10 10 10 i | ns | 
CAS hold time (CAS-before-RAS refresh) _{ tenn | 10 “10 iz - 15 __| ns _| 
RAS to CAS precharge time tRPC 5 5 5 5 ns 
CAS precharge time (C-B-R counter test cycle) tcepr | 20 20 ) 30 30 | = ns | 7 
Access time from CAS precharge | tCPA 30 a aan i 40 45 | ns 3 
Fast Page mode cycle time tPC 35 40 45 50 ns 
Fast Page mode read-modify-write cycle time - tpawc} 76 85 100 | 105 ] ns 
CAS precharge time (Fast Page mode) tcp 10 10 aa 10 10 | ns | 
RAS pulse width(Fast Page mode) trasp | 50} 200000; 60} 200000} 70 | 200000 [ 80 | 200000 L ns | 
RAS hold time from CAS precharge truce} 30 =| 40 45 ns ma 
x access time + tOEA 13 Hae 15 | aul 20 aa 
OE to data delay {OED 13 a | 20 20 a ns 
Output buffer turn off delay time from OE toEz 0 13} 0 - 16 0 20| 0} 20) -ns 
OE command hold time toeH | 13 15} 20 20 ns 


Poimsunig 
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KM44C4000A/AL/ALL/ASL CMOS DRAM 
AC CHARACTERISTICS (ontinueg) 
-§ -6 -7 -8 : 
Parameter Symbol 7 : Units | Notes 
Min} Max | Min; Max | Min| Max | Min| Max = 
Write command set-up time (Test mode in) twTs | 10 10 1 ize oie 10 ns 
Write command hold time (Test mode in) wo. 10 10 10 | {| 10] |_ns 
W to RAS precharge time (C-B-R refresh) twee | 10 10 10 | 10 | ns ai 
Wto RAS hold time (C-B-R refresh) twRH | 10 10 10 = 10 i ns 
RAS pulse width (C-B-R self refresh) tRASS er 100 100 al 100, ws | 15 
RAS precharge time (C-B-R self refresh) tRPS 90 110] | 130 | 150 {_ns 15 | 
GAS hold time (C-BAR self refresh) tus | -50 50 50 | -50 | ns | 15 
TEST MODE CYCLE (Note.12) 
-5 -6 -7 -8 
Parameter Symbol ——— Units | Notes 
Min| Max | Min| Max | Min| Max | Min| Max 
Random read or write cycle time tRC 95 115 135 155 ns 
| Read-modify-write cycle time tawe_| 138 1 190 210 ‘ns 
Access time from RAS~ tRAC ° 55 a 65 | 75 ka 85| ns | 3,4,1 ‘a 
Access time from CAS tcac | 18] 20 25 25) ns | 3,4,5 
Access time from column address lt | | 20] 35 40 45) ns 3,11 
RAS pulse width tras | 55 65 | 10,000] 75| 10,000] 85) 10,000| ns 
CAS pulse width toas 10,000] 20| 10,000] 25| 10,000| 25 | 10,000] ns 
RAS hold time trsH | 18 20 25 25 ns 
| CAS hold time tcsH | 55 65 75 85 |_ns | | 
Column address to RAS lead time tral | 30 35 40 45 ns 
CAS to W delay time tcwD ai 44 45 | 55 55 ns 8 
RAS to W delay time | trwo 78 90 | 105 [115 ns 8 
Column address to W delay time tawD 53 60 70 | 75 r ns | * 8 
Fast Page mode cycle time tPc 40 45 | 50 55 ns 
| Fast Page mode read-modify-write cycle time 1 tprwc| 81 90 105 if Ly 110 ns | 
RAS pulse width (Fast Page Mode) trasP | 55 | 200,000) 65 | 200,000] 75 200,000 | 85 | 200,000 ns | 
= time from CAS precharge tCPA 35 40 | 45 50} ns 3 
OE access time |_ toca 18 | 20| 25 25; ns | | 
OE to data delay toeo | 18 20 i 25 ns 
OE command hold time tory | 18 20 25 25 ns 
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-CMOS DRAM 


NOTES 


1. 


An initial pause of 200s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. Vik(min) and Vii(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and vey are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TT loads 


and 100pF 


. Operation within the trcp(max) limit insures that 


trRac(max) can be met. trcp(max) is specified as a 
reference point only. If trcb is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tRcD >trcp (max). 
. tar, twcr, tOHR are referenced to trap(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

twcs, tRWD, tcwpd and tawp are non restrictive 
operating parameters. They are included in the 


’ data sheet as electric characteristics only. If twcs> 


twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwD>tcwop(min), trwo> 
tRwo(min) and tawp >tawp(min), then the cycle is a 


10. 


11. 


12. 
13. 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the tRap(max) limit insures that 
tRac(max) can be met. tRAD(max) is specified as a 
reference point only. If tRaD is greater than the 
specified tRap(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of tRac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

toFF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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KM44C4000A/AL/ALL/ASL . CMOS DRAM 


TIMING DIAGRAMS 
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KM44C4000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS £(continued) 
WRITE CYCLE (EARLY CYCLE) 


RAS. ees tar 
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TIMING DIAGRAMS (continued) 
READ-MODIFY-WRITE CYCLE 


trwo 


Vem tras at 
RAS Vi f ; 
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KM44C4000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (continue) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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KM44C4000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 


RAS 


tcrp trec 
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CAS-BEFORE-RAS REFRESH CYCLE — 
NOTE: W=Viy, OE, A=Don't Care 
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trp trp 
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Vit— tape tRPC 

i tcHA 

Viq— ; 
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Vuot — 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 
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Vit 
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KM44C4000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE tap 
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CMOS DRAM 


TIMING DIAGRAMS (Continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 


}_—____________ tre 
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TEST MODE DESCRIPTION 


The KM44C4000A/AL/ALL/ASL is the RAM organized 
4,194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and Ai are not used. If, 
upon reading, four bits on-one D/Q pin are equal (all 
"1"s or "O"s) the D/Q pin indicates a "1". If they were 
not equal, the D/Q pin would indicate a "0". In "Test 


tras 


REO 


AANA AN AN AY ANA AN AN AN AN AN AN 


VAV AY V 


LI RRR KKK 


OPEN 


ee DON’T CARE 


Mode", the 4M x4 DRAM can be tested as if it were a 
1M x4 DRAM. W, CAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into “Test Mode". And "CAS- 
BEFORE-RAS REFRESH CYCLE" or "RAS-only Refresh 
Cycle" puts it back into "Normal Mode". The "Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 
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KM44C4000A/AL/ALL/ASL a ee CMOS DRAM 


PACKAGE DIMENSIONS | 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


Pe Pee Fe = 
ea eo oO) st Slo 
ats BlR S| as 
ol Lig V2 gic 

fo] o1o OlN 
ww} w wo 

ON ols ole 
Q} 8 NIN 2] 3/9 
o|o So]o o]/o olo 


0.670 (17.02) =| | 0.128 (3.25) 
0.680 (17.27) - 0.145 (3.68) 


Ia] 0.004(0.1) 
0.050(1.27) ea! 0.015(0.38) | 0.026(0.66) 
TYP | 0.021(0.53) 0.032(0.81) 


|__0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (300MIL, Forward and Reverse Type) _ 


0.03 (0.80) 


0.039 (1.0) 
0.047 (1.20) 


i 0.298 (7.57) | 
0.302 (7.67) 
0.324(8.22) 
0.359 (9.12) 
0.367 (9.32) 


0.005 (0.13) 
0.008 (0.20) 


ie 


0.671 (17.04) 
0.679 (17.24) 


CQ} 0.003 (0.08) 


_ 0.048 (1.22) 0.012 (0.30) | \ 
0.052 (1.32) 0.020 (0.50) | 0.037 (0.95) 
, TYP 


0.016 (0.40) R a 
0.024 (0.60) ; 
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KM44C4000A/AL/ALL/ASL | CMOS DRAM 


PACKAGE DIMENSIONS . 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


0.025(0.64) 
MIN 
0.725(18.42) : 0.144(3.66) 
MAX 


eee ee ee) 
ot eh pe tit Tt 
0.004(0.1) [ 
0.050(1.27) = 0.015(0.38) a 0.026(0.66) 
TYP | 0.021(0.53) 0.032(0.81) 
; 0.050(1.27) 
MAX 
0.03 (0.80) 


0.400(10.16) 
0.360(9.10) 
0.380(9.65) 
0.430(10.90) 
0.445(11.30) 
0.008(0.20) 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) , 


0.398 (10.11) 
0.402 (10.21) 
0.423 (10.76) 

"0.459 (11.66) 
0.467 (11.86) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


a OD 
eal 0.048 (1.22) 0.012 (0.30) | | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) | | 
0.024 (0.60) 


IG] 0.008 (0.08) 
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CMOS DRAM 


4M x4 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


« Performance range: 


KM44C4100A/AL/ALL/ASL-5 | 50ns | 13ns | 90ns_| 


60ns 15ns_ | 110ns 


70ns 20ns 
80ns | 20ns 


¢ Fast Page Mode operation 

« CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

« Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

¢ Single+5.0V+ 10% power supply 

* 2048 cycles/32ms refresh (Normal) 

* 2048 cycles/128ms refresh (Low power & Self Ref.) 
* 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

Available in plastic SOJ and TSOP(Il) 


KM44C4100A/AL/ALL/ASL-6 


KM44C4100A/AL/ALL/ASL-7 
KM44C4100A/AL/ALL/ASL-8 


FUNCTIONAL BLOCK DIAGRAM 


GENERAL DESCRIPTION 


The Samsung KM44C4100A/AL/ALL/ASL is a high 
‘speed CMOS 4,194,304 bit x4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. ; 


The KM44C4100A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C4100A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


RAS 
CHS Control Vcc 
Clocks Vss 
m 


. Refresh Timer 
p= — 
Refresh Control 
Refresh Counter 
Row Address Buffer 
Col. Address Buffer 


~ A0~A10— 


Memory Array 
4,194,304 x 4 


Column Decoder 


‘ Data in 


Row Decoder Butfer 


DQ1 


Cells 


Sense Amps & lO 


Data out 
Buffer 


a 
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KM44C4100A/AL/ALL/ASL ; ~ CMOS DRAM 


PIN CONFIGURATION oop Views) 


* KM44C4100 AJ/ALJ/ALLJ/ASLJ +» KM44C4100 AT/ALT/ALLT/ASLT +» KM44C4100 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 


DQ4 


DQ3 
CAS 
OE 
Ag 
As 
A7 
AG 
As 
Ag 
Vss 
J: 400MIL T : 400MIL(Forward) TR : 400MiL(Reverse) 
K : 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse) 
Pin Name Pin Function 
Ao-A10 Address Inputs | 
DQ1~4 Data In/Out 
Vss Ground 
RAS Row Address Strobe 
CAS Column Address Strobe 
WwW Read/Write Input 
OE Data Output Enable 
Vcc Power(+5.0V) 
N.C No Connection 
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KM44C4100A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


ee 
[votage on Any Pin lave ove «Woot | tered 
Votage on Voc Supply Relawvotoves | ——eo=—=SC*SCC tw dT 
: wn 

ar aa 


Vv 
Vv 
°C 
a 
Short Circuit Output Current a ee mA 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to ve Ta=0 to 70°C) 


Supply Voltage 


KM44C4100A/AL/ALL/ASL-5 
Operating Current* KM44C4100A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min.) KM44C4100A/AL/ALL/ASL-7 
KM44C4100A/AL/ALL/ASL-8 


KM44C4100A 
Standby Current KM44C4100AL 
(RAS=CAS=W=Vu ) KM44C4100ALL 

KM44C4100ASL 


KM44C4100A/AL/ALL/ASL-5 

‘| RAS-Only Refresh Current* KM44C4100A/AL/ALL/ASL-6 
(CAS=Vin, RAS Cycling @trc=min.) KM44C4100A/AL/ALL/ASL-7 
KM44C4100A/AL/ALL/ASL-8 


KM44C4100A/AL/ALL/ASL-5 
Fast Page Mode Current* KM44C41 00A/AL/ALL/ASL-6 
(RAS=Vit, CAS, Address Cycling @tpc=min.) KM44C4100A/AL/ALL/ASL-7 
KM44C4100A/AL/ALL/ASL-8 


KM44C4100A , 

Standby Current KM44C4100AL 
(RAS=CAS=W=Vcc-0.2V) KM44C4100ALL 
; KM44C4100ASL 


KM44C4100A/AL/ALL/ASL-5 

CAS-Before-RAS Refresh Current* KM44C4100A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min.) KM44C4100A/AL/ALL/ASL-7 
KM44C4100A/AL/ALL/ASL-8 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin}=Vcc-0.2V 
Input Low Voltage(Vi)=0.2V CAS=CAS-Before-RAS 
Cycling or 0.2V Din=Don't Care TRc=62.5S(L-Ver.) 
125uS(SL-Ver), Tras Smin~300ns 


ti” 
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KM44C4100A/AL/ALL/ASL _ CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (ontinuea) 


(Recommended operating conditions unless otherwise noted) 


Self Refresh Current 

RAS=CAS=0.2V 

W=OE=Ao-Ato=Vcc-0.2V or 0.2V aa pe 
DQ1-DQ4=Vcc-0.2V, 0.2V or Open 

Input Leakage Current ie -10 10 A 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) we : 
Output Leakage Current _ 

(Data out is disabled, OV < Vout = Vcc) low) | aba ae 
Output High Voltage Level (joH=-5mA) VOH 2.4 - V 
Output Low Voltage Level (lo.=4.2mA) 


*NOTE: Icci, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1=25 Cc, Vcc=5v, f=1MHz) 


Parameter 


Input Capacitance (Ao~A\10) 
Input Capacitance (RAS, CAS, W, OE) 


Input Capacitance (DQi~DQa) 


Parameter 


Random read or write cycle time 


Read-modify-write cycle time 


Access time from RAS {RAC 60 70 80} ns | 34,11 
Access time from CAS tcAC 15 20 20| ns | 3,4,5 
a i 
Access time from column address tAA | 30 35 40| ns 3,11 
CAS to output in Low-Z tclz o| . 0 0 ns 3 
Output buffer turn-off delay {OFF | 0 15 0 20 ‘ie 20 | ns 7 | 
Transition time (rise and fall) tT 3 50 3 50 3| 50; ns 2 
RAS precharge time tRP 50 60 ns 


RAS pulse width tRAS 
RAS hold time tRSH 
CAS hold time tcsH 
CAS pulse width tcas 
RAS to CAS delay time tACD 
RAS to column address delay time 
CAS to RAS precharge time 


_ELECTRONICS 


10,000 | 70) 10,000 | 80/ 10,000; ns 
20| 20 bee a 
60 70 80 ns 
10,000 | 20 ont "20! 10,000 | 
50 | 20 60 4 


45 
35 15 40} ns 14 
ee 
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KM44C4100A/AL/ALL/ASL | CMOS DRAM 


AC CHARACTERISTICS (Continued) 


-5 -6 ei -8 


Parameter Symbol Units | Notes 
Min} Max | Min} Max | Min; Max | Min| Max 
Row address hold time . tRaH | 10 10} 10 10 ns 
ee es 
Column address set-up time ice 0 0 [ iz 0 ns 
Column address hold time {CAH | . 10 10 15 15 zal ns 
Column address hold time referenced to RAS = tAR 40 45 55 | 60 ns 6 
Column address to RAS lead time tRAL 25 30 | 35 40 ns | 
Read command set-up time tres | .0 0 0 0 ns . 
Read command hold time referenced to CAS tRCH 0 O| 0 0 ns ) 
Read command hold time referenced to RAS ce 0 0 


sai) 0 = ns | 
Write command hold time twon | 10 10 15 iz | ns 


Write command hold time referenced to RAS twcr | 40 45 ee = 60 ns 6 | 
Write command pulse width twp 10 10 15 | | 15 | ns | | 
Write command to RAS lead time tn | 15 15 | 20 20 <6 
Write command to CAS lead time teow. | 13 15 20 20 i ns. 
Data set-up time a tos 0 0 i 0 | 0 ns 10 
Data hold time tox | 10 10 | 15 5; | ns | 10 
Data hold time referenced to RAS tDHR 1 aol =| alt | | wo | ss | 6 
Refresh period (Normal) tREF | ga] 32 32 32 | ms 
Refresh period (Low power & Self Ref) ther | 128} | t28 128 128| ms 
Refresh period (Super Low power) tREF | | 256) | 256 256 256 | ms 
Write command set-up time twcs 0 0 0 ‘| ons 8 
CAS to W delay time tow | 36 40. 50 _ | °50 _|ons 8 
RAS to W delay time tRWD [73 85 | 100 110 ns 8 
Column address to W delay time tawD 48 55 65 70 | ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsk | 10 10 10 10 | 
CAS hold time (CAS-before-RAS refresh) tenn | 10 of | 15 15 ns 
RAS to CAS precharge time te | 5 5 | 5 5 ns |_ 
CAS precharge time (C-B-R counter test cycle) —_| tcptT | 20 20| 30 [ 30 ns 
Access time from CAS precharge topa | 30 sae 40 | 45 zm ns 3 
Fast Page mode cycle time tpc 35 «| 45 50 ns 
Fast Page mode read-modify-write cycle time tpRwC| 76 85 100 | 105 ns 

. CAS precharge time (Fast Page mode) tcp 10 10] 10 1 0 | | ns | 
RAS pulse width(Fast Page mode) | trasP | 50 | 200000} 60 200000) 70] 200000] 80 | 200000} ns 
RAS hold time from CAS precharge tRHCP Be 35 | 40 45 tons” 
OE access time toca 13 15] 20 |. 20| ns 
OE to data delay | toeo | 13 ey | 20] [2 [ __| ns 
Output buffer turn off delay time from OE tOEZ Ley 13) 0 15] O/| 2) 0 20; ns 
OE command hold time tOEH 13 15 20 20 ns 
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KM44C4100A/AL/ALL/ASL 


CMOS DRAM 


AC CHARACTERISTICS (continued) 


rau song 


ELECTRONICS 


Parameter smb - Units | Notes 
Min; Max | Min| Max | Min) Max 

Write command set-up time (Test mode in) twTs 10 10 _| os 

Write command hold time (Test mode in) twTH 10 10 10 10 _|_ ns 

W to RAS precharge time (C-B-R refresh) twrp | 10 10 10 10 ns 

Wto RAS hold time (6-B-R refresh) twrH | 10 10 10 10 ns 

RAS pulse width (C-B-R seff refresh) trass | 100 100 100 | | 100 us | 15 
RAS precharge time (C-B-R self refresh) tRPS [ 90 110 130 150 ns 15 
CAS hold time (C-B-R self refresh) tcHs | -50 -50 -50 -50 ns 15 
TEST MODE CYCLE (Note.12) 

Parameter Symbol — ak a — 2 Units | Notes 
Min| Max | Min| Max | Min) Max 

Random read or write cycle time tRC 95 115 135 155 ns 
| Read-modify-write cycle time [ tac 138 160 0 210 j ns 

Access time from RAS tRAC 65 75 85} ns | 3,4,11 
Access time from CAS tcac | | wl | 25 25| ns | 3,45 
Access time.from column address tA - sf} & 40 45; ns 3,11 
FAS pulse width 75 ns 

CAS pulse width toss | 18] 10,000 25 | 10,000] ns 

RAS hold time tRSH 25 ns | 

CAS hold time tcsH 65 ris) 85 ns 

Column address to RAS lead time tRAL 35 40 45 ns 

CAS to W delay time | tcwo 45 [ ss [ 55 ns | 8 
RAS to W delay time tRWD 90 105 115 | ns 8 
Column address to W delay time tawD 60 70 75 ns 8 
Fast Page mode cycle time tPc 45 50 i am ns 

Fast Page mode read-modify-write cycle time tPRWC 90 105 110 ns 

RAS pulse width (Fast Page Mode) tRASP 65 | 200,000 | 75 200,000) 85 | 200,000) ns 

Access time from CAS precharge tCPA ol | 45 50} ns | 3 
OE access time tOEA | 20 25 25) ns 

OE to data delay tOED 20 25 25 ns 

OE command hold time tOEH 20 25 25 | ns 
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KM44C4100A/AL/ALL/ASL_ 


CMOS DRAM 


NOTES 
1 


oO 


. An initial pause of 200s is required after power-up 


followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. ViK(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 


are measured between ViH(min) and ViL(max) are | 


assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF 


. Operation within the tacp(max) limit insures that 


trRac(max) can be met. tRcD(max). is specified as a 
reference point only. If trcp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tRcD > trop (max). 
. tar, twcr, tbHR are referenced to tRap(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VoH or VoL. 


. twcs, trwo, tcwD and tawpd are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwp(min), trwo> 
trwo(min) and tawp >tawp(min), then the cycle is a 


10. 


11. 


12. 
13. 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. ; 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trapD(max) limit insures that 
trRac(max) can be met. trRap(max) is specified as a 
reference point only. If trap is greater than the 
specified tRAD(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of tRAc, tas, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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KM44C4100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS 
READ CYCLE 


tras the 


RAS ben 


tcrp tas 
GES Vin COO, \— tcas AD, 
eh a 


Viq Y . _ x = al Y YYYYY Y YYY 
RY flop a ROKK) 


trap taRH 


tow 


Remeinn 


tacs 


Vin — 


ve — RRR 


=| 


— Me es YYVYY YY YY VY VY YX X¥ VV OY OV VYYY YY Y/Y 
FE OS KY 


torr 


toez 


trac 
Von | AY 
DQ DQ, On OPEN KX VALID DATA-OUT : ) 
Vo_-— : QQ 


toiz 


RO DON'T CARE 
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TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY CYCLE) 


CMOS DRAM 


Vin 


3 


Viv 


torp 


V 


tcas 


a Oy }-— trap 


v| / 


tase traH 


tasc 
Vin 
Vi 


= XXX XK XXX XK KKK KX 


—~ WY : Y 
i ee oe: 


WANs 


KKK 


Y 


KKK 


W Va —- TOW VAY, || TANNIN INA INUINT AVA 
Me OK = ROOK 
eee tRwe 
FI RRR RNY 
ae ae 


tour 


WRITE CYCLE (OE CONTROLLED WRITE) 


oS trc 


tre 


tras 


Vin tcrp 


Vin — Oy 


Vi -— AAAZ 


tasr” 
Vin 


Viv 


> 


~ XXX 


== 


tar 
tas 
tosH 
trap , 
; tasc 
tra 
ROW UY COLUMN 
ADDRESS KX ADDRESS 


xX YYYYY atik 
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Vit 


| 


RW 
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fe OOO, 
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toeo 
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UK 


OKRA 


toeH 


tos tox 
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KM44C4100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 


Vin 
RAS “ns 
tore tar 
er trco trash 
Vin = KWH tcas 
ae Alh : 
= ma 
pa - 4 


boa 
ern, Gay en.0 ROOKIE 
iz eee — ton 
RRR 


=| 
2< 
cS! (ae 
1d 


RH ON 


trac toez 
Vou ar 
DQ,-DQ, VALID x VALID 
Vo. — XY) DATA OUT OOM DATAIN YP 


t 
toep col 


ton 


FAST PAGE MODE READ CYCLE 


trasp trp 


=. trHcP 


-| trsH 
CRS nm tcas ra 


tasr 


teiz ie teuz 


A peace ‘z ORE Soe aaa BalsBebe 
trap trou 
os Vin —- YY x \/ X \/ VAVAVAV AW 1 
FE ARK Ay AQ | A | RY 
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trac 
Vou y 7 
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KM44C4100A/AL/ALL/ASL : 3 CMOS DRAM 


- TIMING DIAGRAMS continuea) | 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


trasp tre 
RAS tar 


tornp 


tec 
ee 
=> Vin = VA \ toas tcas tcas 
Vi 7 wy eS i : Y/ 


Q 
n 


> 


ae l a ey 

tasr ro] [ ; 
Vin — 9 zp Sealer i La) VV ia any YYVVY 
sc — SK BREE OX RSSHBRS DRY SSS DRS SSRMES DENS 


Xx DDRESS " ADDRESS 
Vin VYVYVY YV I VY, tl & 
1 RT 1 TT RT 


tina? Sua 8 
zc ~RRYERERRY ee SIAN NIRRRRRERR 
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toHr 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


=I 


- 


trasp 


RAS ig tar : i 
Vi 
a 
Be ae oe ee - i 
CAS - i tcas V / 
Ie 
Via i = , oH | = III I IAN IVY 
COL COLUMN KA) XXX XXXXXXXX? 
Ay SOS SEES DRS SNK 
. = ae he ee 
. WP 
W Vin ~K/VY XX 7 J # 
Vi — (x XK ene L 
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KM44C4100A/AL/ALL/ASL «CMOS DRAM 


TIMING DIAGRAMS Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE =Don't care ~ 


a ViH— 
RAS does 
pe Vin— 
CAS 

. Vit— 


DE K_ 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 


tap trp 
Vip— 
RAS —____—_—_—__——-- tras ; 
Mite trec trpc 
tcsr ick 
Vin— 
CAS 
Vit— 


torr 
ViiOH — ; ; 
DQ,-DQ, View = ; OPEN eee ee 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 


RAS Vin — 
Vir - 
= Viq — 
CAS \ 
vit » 
Vv — 
pai-pag. OPEN 
VoL — 


XX DON’T CARE 
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KM44C4100A/AL/ALL/ASL CMOS DRAM | 


TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 


DQ, -DQ, 


tap 
tap tras 
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V aie nal X VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVs 
we RK anBitas DRL SSBRBES DKS 
ew 
Wo OY BOO 


tcac torr 


trac 
Yow = AY 
KY VALID DATA-OUT » 
Wace Y 
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HIDDEN REFRESH CYCLE (WRITE) 
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~ KM44C4100A/AL/ALL/ASL | ‘CMOS DRAM 


TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE | tap 


ARS Vin = tras 
Vi — 
topt RSH 
tcsr 
a Vin = t t - 
CAS re CHR CAS 7 
Vit > : d 


Ae SRK) 


OX 
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= Vin — TY WAAG R/ MYVWVYV VV ¥ VV VYVVVVVVVVYVYVV 
me SOO ARIK 
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CMOS DRAM 


TIMING DIAGRAMS (Continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 


Viw — 
Vi 


REE IN 
DQ,-DQ, iia ; y 


oOo. ™ 


TEST MODE DESCRIPTION 


The KM44C4100A/AL/ALL/ASL is the RAM organized 
4,194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in ‘parallel and retrieved the same 
way. Column address bit Ao and A1 are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1"s or "O"s) the D/Q pin indicates a "1". If they were 
not equal, the D/Q pin would indicate a "0". In “Test 


LIK 


tac 


LI 


YY YY VY YY 
A AN AN A AY Aa BI 


OPEN 


Ro DON’T CARE 


Mode", the 4M x4 DRAM can be tested as if it were a 
1M x4 DRAM. W, CAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into "Test Mode". And "CAS- 
BEFORE-RAS REFRESH CYCLE" or “RAS-only Refresh 
Cycle" puts it back into "Normal Mode". The “Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 


am, 
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KM44C4100A/AL/ALL/ASL  __ GMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) ‘Units: Inches (millimeters) 


0.027 (0.69) 
a F MIN 


.295 (7.49) | 
0.305 (7.75) 

j 
0.260 (6.60) 


0.275 (6.98) 
” 0.330 (8.38) 
0.340 (8.64) 
0.008 (0.20) 
0.012 (0.30) 


0.29! 


_ 0.128 (3.25) 
0.145 (3.68) 


0.670 (17.02) 
0.680 (17.27) 


C)| 0.004(0.1) 
0.050(1.271| : : 0.015(0.38) i ; 0.026(0.66) 
TYP | 0.021(0.53) 0.032(0.81) 


0.050({1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(I!) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 
TYP 


- 


0.298 (7.57) 
0.302 (7.67) 
0.367 (9.32) 


0.324(8.22) 
TYP 
0.359 (9.12) 


a 


~|S 
ea 
0.671 (17.04) clo 
e|F 
0.679 (17.24) S}s 
; ola: 0.005 (0.13) 
0.008 (0.20) 


Bless] & ([--HAAAA 
= 0.048 (1.22) 0.012 (0.30) | | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 
0.016 (0.40) 
0.024 (0.60) | 


"ELECTRONICS : a 


KM44C4100A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS | —_ 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) _ Units: Inches (millimeters) 


_ 0.025(0.64) 
MIN 


0.360(9.10) 

0.380(9.65) 
0.430(10.90) 
0.445(11.30) 


© 
fo) 
So 
fs) 
me 
° 


0.008(0.20) 


' 0.725(18.42) 0.144(3.66) 
MAX 
CY] 0.004(0.1) 


scson.zn| | : 0.015(0.38) J | 0.026(0.66) 
TYP : 0.021(0.53) 0.032(0.81) 


0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 


0.03 (0.80) 


0.398 (10.11) 
0.402 (10.21) 
0.467 (11.86) 


a|& 
0.723 (18.36) = = 
0.727 (18.46) Sia 
S/o 0.005 (0.13) 


0.008 (0.20) 


= 7. 0.048 (1.22) 0.012 (0.30) | | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 
0.016 (0.40) 
0.024 (0.60) 


fal 0.003 (0. 08) |] 
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KM44C4010A/AL/ALL/ASL CMOS DRAM 


4M x4 Bit CMOS Dynamic RAM with Fast Page Mode (Write Per Bit Mode) 


FEATURES GENERAL DESCRIPTION 


The Samsung KM44C4010A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


« Performance range: 


The KM44C4010A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


- Fast Page Mode operation 


: eee Sridaeoh git ra only) CAS-before-RAS refresh capability provides on-chip 
; BRE iia RAS sree bie . auto refresh as an alternative to RAS-only refresh. All 
Ypres inputs and outputs are fully TTL tible. 

* RAS-only and Hidden Refresh capability ES RNG Hines eee ia ace 

- Fast parallel test mode Capability The KM44C4010A/AL/ALL/ASL is fabricated using 
* TTL compatible inputs and outputs Samsung's advanced CMOS process. 


¢ Early write or output enable controlled write 

« Single+5.0V+ 10% power supply 

¢ 4096 cycles/64ms refresh (Normal) 

* 4096 cycles/128ms refresh (Low power & Self Ref.) 
¢ 4096 cycles/256ms refresh (Super Low power) 

e JEDEC standard pinout : 

¢ Available in plastic SOJ and TSOPiII) 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


Vec 


Vss 
Ves Generator 


Data in 
Buffer 


Refresh Control 


Memory Array to 
Refresh Counter 4,194,304~4 ’W4/DQa 
Celis 


[| Row Address Buffer 


AO~A11 


Data out 
Buffer 


Sense Amps & lO 
(a) 


Col. Address Buffer Column Decoder 


AO0~AQ 
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KM44C4010A/AL/ALL/ASL 


CMOS DRAM 


PIN CONFIGURATION (top views) 


* KM44C4010 AJ/ALJ/ALLJ/ASLJ 
AK/ALK/ALLK/ASLK 


241] Vss 
23D W4/DQ4 


W2/DQe2 2210 W3/DQ3 
WBW 2101 CAS 
RAS OE 
Awd 1910 Ag 
Awd 181) As 
Ao a 1700 Az 
Aig 161 Ac 
Aoa 151] As 


J: 400MIL 
K : 3OOMIL 


. KM44C4010 AT/ALT/ALLT/ASLT 
AS/ALS/ALLS/ASLS 


Vss 
Wa/DQa4 
Ws/DQ3 
CAS 
OE: 

Ag 


As 
A7 
As 
As 
Ag 
Vss 


T : 400MIL(Forward) 
S: 30QMIL(Forward) 


TFinName | PinFunction | 
[OE | Data Output Enable 


* KM44C4010 ATR/ALTR/ALLTR/ASLTR 


ASR/ALSR/ALLSR/ASLSR 


Vcc 
W1/DQ1 
W2/DQa2 
We 
RAS 

Ay 


TR : 400MIL(Reverse) 
SR : 300MIL(Reverse) 


a” 
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KM44C401 OA/AL/ALL/ASL 


CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to Vss 
Voltage on Vcc Supply Relative to Vss 


Storage Temperature 


Power Dissipation 


Short Circuit Output Current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMEN DED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 
[Parameter | Symbol_[ Min | twp | Max [Unt 


Supply Voltage Vcc 
Ground 
Input High Voltage 


Input Low Voltage 


Operating Current* 
(RAS and CAS Cycling @trc=min.) 


Standby Current 
(RAS=CAS=WB/W=Vn ) 


RAS-Only Refresh Current* 
(CAS=Vin, RAS Cycling @trc=min.) 


Fast Page Mode Current* 
(RAS=Vit, CAS, Address Cycling @trec=min.) 


Standby Current 
(RAS=CAS=WB/W=Vcc-0.2V) 


CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trc=min.) 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V 
Input Low Voltage(Vi)=0.2V CAS=CAS-Before-RAS 
Cycling or 0.2V W1/DQ1~Wa4/DQ4=Don't Care 

tRc=31 .25us(L-Ver.) 62.54s(SL-Ver), tras=tras min~300ns 


ELECTRONICS 


See a (a Se (A 


KM44C401 0A/AL/ALL/ASL-5 
KM44C4010A/AL/ALL/ASL-6 
KM44C401 0A/AL/ALL/ASL-7 
KM44C4010A/AL/ALL/ASL-8 


KM44C4010A 
KM44C4010AL 
KM44C4010ALL 
KM44C4010ASL 


KM44C4010A/AL/ALL/ASL-5 
KM44C4010A/AL/ALL/ASL-6 
KM44C4010A/AL/ALL/ASL-7 
KM44C4010A/AL/ALL/ASL-8 


KM44C4010A/AL/ALL/ASL-5 
KM44C4010A/AL/ALL/ASL-6 
KM44C4010A/AL/ALL/ASL-7 
KM44C4010A/AL/ALL/ASL-8 


KM44C4010A 
KM44C4010AL 
KM44C4010ALL 
KM44C4010ASL 


KM44C4010A/AL/ALL/ASL-5 
KM44C4010A/AL/ALL/ASL-6 
KM44C401 0A/AL/ALL/ASL-7 
KM44C4010A/AL/ALL/ASL-8 


KM44C4010AL 
KM44C4010ASL 


KM44C4010A/AL/ALL/ASL | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (continues) 


(Recommended operating conditions unless otherwise noted) 


erator YS i [| Un 


Self Refresh Current . 
RAS=CAS=0.2V 
WB/W=OE=A0-A11=Vcc-0.2V or 0.2V aS ae ae 
W1/DQ1-W4/DQ4=Vcc-0.2V, 0.2V or Open : 
Input Leakage Current tie -10 10 A 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) 
Output Leakage Current 
(Data out is disabled, OV<VouT< Vcc) HA 
Output High Voltage Level (loH=-5mA) | vow | 24] - |v 
Output Low Voltage Level (lo.=4.2mA) vo | - | o4 | v 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Iccs, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE cta=25°c, Vec=5V, f=1MHz) 


Parameter Sombie [0 
not Capactance (AS, CAS, WAN, CE Ly ae a 


Input Capacitance (W1/DQ1~W4/DQa) 


[Min | Max | Min] Max | Min} Max | Min] Max | 
es | 


1 


133| | 155 


= 
oo 
o 


—_ 
oO 
Oo 
So oa Om [iN 
Oo oO alo }oa 


Random read or write cycle time 


> 
oe] 
= 
— 
Oo 


ao] wo; 
ao;n ol;n 


_ 
oO 
on 


Read-modify-write cycle time 


Access time from RAS 


Access time from CAS 


or |e 
Flee 


as) 
wm 
no fo = |r fw 


Access time from column address 
CAS to output in Low-Z 


Output buffer turn-off delay to 
Transition time (rise and fall) 


RAS precharge time : 


Ss 
RN 


a 
mn 


ola poy | o 

ol;n mio lo 
ow {oo 

MEN |o (a [Ss 
=~ 18H 


RAS pulse width 
RAS hold time ” tRSH 


CAS hold time tCsH 


=. 

=) 

fon] 

QoQ ao | RO 
So Oo |o 


CAS pulse width 
-| RAS to GAS delay time 
RAS to column address delay time 
CAS to RAS precharge time 
Row address set-up time 


ELECTRONICS 


S 
a 


nm 3 
8 |s Ss & 


os 
oe) 
.?) 
Oo 


_ 
— 


= 
R=) 
Qo 
oe Oo 
nn o 
eh 
c=) 
S 
So 
So 


Pa 2 
313 \6 
on; 
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KM44C4010A/AL/ALL/ASL CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Paramet 
eee a a 


Row acdressholdtime | ww | tol fo) | tof tof ws | 
| of | | ns | 


Column address to RAS lead time 
Read command set-up time 


Read command hold time referenced to CAS 


we [as] 
iow | 13] | 15] 
= 


Data hold time referenced to RAS 
Refresh ota (Normal) 


fo>) 


CAS to W delay time tcwp 


|| 
a 
RAS to W delay time [two | 73) | 
Column address to W Dia! time | as] | 
— 
peed 


wo 


| 10] 


Access time from CAS precharge 


Fast Page mode cycle time ff wf | wt of 
Fast Page mode read-modify-write cycle time | terwc| 76| | 
CAS precharge time (Fast Page mode) ft | 10] | 
RAS pulse width(Fast Page mode) | taase | 50 | 200000 | 
RAS hold time from CAS precharge tRHCP | 30] =| a] =| aol | | ons | 
| 
eo 
-— 


OE access time 


OE to data delay 
Output buffer turn off delay time from OE tOEZ 
OE command hold time to 


ELECTRONICS 


KM44C4010A/AL/ALL/ASL CMOS DRAM 


AC CHARACTERISTICS (continued) 


Write per bit set-up time 
Write per bit hold time 


Write selection set-up time 
Write per bit selection hold time twDH 
TEST MODE CYCLE (Note.12) 


| Fae] x [on | win] we | wn] wa | 

fanionsiowtnceetme [we | sl [us| [ow ost te | 
imo [8| [| |] [oo] | |_| 
poz tee on AS rec [| fw! |e] [| m [oan] 
ce te ton ree | ot | of [al | 2] om | acs | 
ecm tno ton cases [|| wf | «| | al | a] we | att 
pus wt rns | 8] Tomo] | Ton] ze) snot! we | ream) os |_| 


RAS hold time 
CAS hold time 
Column address to RAS lead time 
CAS to W delay time tcwp 


RAS to W delay time 
Column address to W delay time 
Fast Page mode cycle time 


Fast Page mode read-modify-write cycle time tprwc| 
RAS pulse width (Fast Page Mode) 


Access time from CAS precharge {CPA 


—> | | 
ain la 


Hd 


’ 


eo ho 


S \s S 
i=) Oo 
ola ire ja 


[pe] 
3 oS 
3 = 
ot 
SIs lSlSls [Als 


S 
LS 
fm] 
So 
So 
— 
ain [ss - |o |; 
nan, a apo jo 


= 
UU 
(eo) 


— 
oS 
on 
_s 
— 
fan) 


|] 
n 


A 
a 
vu 
Ae 
aot— 
~ 
A 


: = 
fo) 


OE access time 
OE to data delay tOED 


OE command hold time tOEH 
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Q 

& 
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hm | h fo<] 
or}, a 
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KM44C4010A/AL/ALL/ASL 


CMOS DRAM 


NOTES 


1. 


ou 


An initial pause of 200us is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. Vin(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF. 


. Operation within the trcp(max) limit insures that 


trac(max) can be met. tRcp(max) is specified as a 
reference point only. If taco is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that trop >trcb (max). 
. tar, twor, toHR are referenced to tRAD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to Vou or VoL. 


. twcs, trwb, tcwD and tawod are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. !f tcwo>tcwo(min), tawo> 
trwo(min) and tawp >tawp(min), then the cycle is a 


10. 


11. 


12. 
13. 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data output is indeterminate. 


. Either tRCcH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trRap(max) limit insures that 
tRAc(max) can be met. tRAD(max) is specified as a 
reference point only. !f trap is greater than the 
specified tRap(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

4096 cycle of burst refresh must be executed 
within 16ms before and after self. refresh, in order 
to meet refresh specification. 
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KM44C4010A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS 
READ CYCLE 


tRAS : tap 


Vip— 
CAS Vit— a 
on [i | 
A Ve REYK RBBREss ROKK ROUEN, WOO ir or oOo) 
tRCH 
ve RKYRKYRYVYKY TRIER 
wT XARA | | Os 
: tAA 
__ Iq#— VAVAVAVAVAWAVAVATAVAVAVAVAVAVAVAVAVAVAVAVAY, OEA: WAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAWAYA 
oI 0.8090606600050060406.60000000.000060 MMI A 00-0 ceceecerusrorrrrnrocorerrecorocnversrocns 


toac torr 


trac —— 


VoH— m™ |] 
DQ1-DQ,4 VoL— —$—$— nnn OPEN XXX VALID DATA-OUT 


torz 


tre 
yoni Vin — 
ye 4 a ae 
Vii — 
tere P 


CAS 


a toaH 
WYK KX YXYYYYY YOK 
Sr OO 


a 
Vin— Vat Ay, y, 
evi SARRRAM acs RON 


{was | twes | 
Lt 


Petras 
Vin — A) || | | IYV YY VOI VA APY 
wey OOO a RRR 
; twor 
—— 
pals Va YL 
FV ROKR RRR RK ROK RR 


a oe 
S- oa twos = 
1 ; Vin — VAT AY, \ YYVYVYYVVY YY ¥ YYY ¥ YYY YY YVY VY YY YY YYYY 
NO, GMT GPCI rstoreornrernrrncornornrnuuiuunn 


XX DON’T CARE 
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KM44C4010A/AL/ALL/ASL CMOS DRAM 


_ TIMING DIAGRAMS continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 


Ay, — | eee 


= ap | Rea 0 eee OE, 
oy, too, AA 
is Woes renee 
Be eae 
oe on : Saal _ 
Mae RO BE RRR 
twas 


pad eae 
—— — ae Y YX) YYKX XXX YYYX VY 0,9, 
Wai. — SSO, PRR 4 ORR 
HE to 


ae Vem KX Xx) ASV Y AVY YY XX A/ YX YS iY 
FM RRR ORY 
twos tox 
F , Vin— 9 YXX (Xx YS YX AAAS 
Yat YB ae a nr 


wW/DQ, vy — OY OY) 


READ-MODIFY-WRITE CYCLE 


Vin — 


Vir— po ee | 


meee Sn ey A 
oN is _ A 


tasr 


RAS 


fe fist acm 
~ Min iy 
wT ROM actress RY EE ROKK RR) 
EGS ee ee Eee 
Yee rvTyyvyY_AiSs,~6§©™rSssSsS” Ss - f/f SS~S:*:i‘is: eee ECR TT Oo 
waw vr OR ee a \ eR OR 


Vit — SHINN KK OW OH OY OR 
Vit— EXKK KK Tecra ox. 
twos 
ie 
Vin — YVV¥_\¥¥Y Vie saacr «ehiVUVVVeVYYyeU YU 
ON: GE aS 


= DATA-IN ae oR YX ENON BONS 


Vit— 
W,/DQ, 
~wW,/DQ, 
Vou — AY VALI 
Ss _s 
ee PEN (Ny: DATA-OUT 


Ra DON'T CARE 
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KM44C4010A/AL/ALL/ASL CMOS DRAM: 


TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ CYCLE 


RAS 


CAS 


DQ;-DQ, 


trasp t 
Vin— RHCR 


tcRP 


tasc 

tac SOLON 4 RNY mle 
RN BREN BONEN SON EL AU 
BE 
ov = 


tRCH 


i | 
Vin— yy USYYY¥ ‘ VY OY XX 
Vi- 2 NUNN 0, Ne y a y i tRRH iz ees. 
M's 7 avavavatavararavatatay X) WI KK 
FT ROR Une: a BX RS wns NN 
OFF ese 
trac ml 


ee a Be ras, 
Vou— wy, fF VAIO ARF VALIO 
LYN DATA-OUT. (YA DaTA-ouTy 


VoL_—- 


VALID 
(x) DATA-OUT J 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


CAS 


W,/DQ; 
~W,./DQ4 


. tasr 7) re i i sellin | ase he 
es War, V7 VY 
ONT How GON &¢ COLUMN “WX RR SOL SoLUaN : aa XX 


mee rae 


Vin - tar 


Vi ee 


t tas 
tcrp top 


Vin— 
Vi— mee! = 


ADDRESS YY x RX COLUMN —— yy 


ie DS 


| 
town 
il 
twen tacis 
ra ti eavae S 
AT RE ROT" CE 


[| 
twes Im tau 


Vin— 
ve oe We 


Ve BRR oe er rR eR Ry, SRR 
mee = j tiie tos tox 

Vie— ¥ r (YD 7, eX) 

Vow OORT obtain JROQOOK. obtitn ROU OOK oan PRO 


KX DON'T CARE 
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KM44C4010A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (continued) 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


Viq— trase : 
reife Poems ag Mee eS 


a —- 
trac 
=| OK 505 RRR 


ra 
1 tow. 
et tewo 
lt 


[f= 


trop tcas 
tas iH ie 
Met wa 


weaw y, 


twp 


RRO 


Voi — 4 NT ae ‘ K) WPT 
W,/DQ; oe Eis u | = 
wW,/DO4 Dour Dout Dout 
Viq— ‘oo YYYY Yk On | XXX AY RH HOR YY XXX) One 


Vy, — OAT ORK Om KO yy SOees 


Na DON’T CARE 
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KM44C4010A/AL/ALL/ASL | | CMOS DRAM 


TIMING DIAGRAMS (continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 


‘as trc 
RAS ViH— 
Vit— 
Vip— YYYY VA AAAA XD VYASAL SAS JAASY PAS JAAA/SAALAA/ 
A Vi XXX _ Row ADDRESS KARR RRR RRR 
CAS A 71s VAC AVAVAVAVAVAVAVATAAVAVATANA 9 
FS ne CRY RY 
}—-— tcrP 
Vip— . 
DQ1-DQ, renews (-) fF {\| 
Vit— : 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: OE, Address = Don’t Care 


tro 


tre 


RAS Mie tras- 
Vit— 
trRec 
tcp bese ha tRec 
ViH— ; if avataVaVa¥,¥a¥A"aVaYa¥a¥a¥a¥ar 
Sy | | RY KK 
twrp twRH 
_ Viu— AAAAIRI NAAM AE CAAA AIA IA AAAI AAAI AV AIA? 
We AY KK KKK KKK ARK KNK AX KXAN 
DaQy-Da, ViioH — 
VuloL — 


RY DON’T CARE 
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KM44C4010A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
be 


aK ViH— ua = ; 

ViL— 

tore +-~+| + — trcp —_-|-____ trsu : — tcHR came 

as Vin— | 
ae Vit— be AD \\ 

Vie- © | a III IVA AIAN AAAAANAAIAAAAAAARARREATAII | 
A NY Cd Ee UCSC) 
= Vin~ TRARY TAIWVVVVVVV VV YW WV VV 
° RR TAINS URNS 
== VIH— PRAIA | toca VAT AV AV AVAVAVAVAVAVAVAVA A AVAVAVATAVAVAV, 
ot Ws RAR BSR YKX KXAN 

|__tcac _| | 

DQ1-DQ, sae | | VALID DATA-OUT 


HIDDEN REFRESH CYCLE (WRITE) 
tac tac 
tras tap tap 


RAS 3 Vin tar tras 
Vii — ; 
ore a tour 
Bon Vin — 
CAS 


toax 
ei i 
Vin — TRAY va KALA YY YALYALY YAALA ALY AY WY VAY AAAS 


twen 


ane 
WP ATPL YP VIPAP PAP ASA AAAL AAAS AARALALYVA AS 
| HR OY 


twes 


YHA 
ww DOL 


a 


—_ Vin mm PYAAR IS 


~— twor 


twos ton . 
Vu — TV 4 7 AAT ANATAN A AOS AVAN AYATAY AY AVAVATATAVANAVAYAVAVANAVATAVAVAVANAV AV. WAY, 
waroarewatoas "OOH FR vamoaram WOOO ROO 
Mask ——/ tour | | kX DON'T CARE 
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KM44C4010A/AL/ALL/ASL ‘CMOS DRAM 


TIMING DIAGRAMS (continueg) | 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


Viw tras 


SM 
“ tcsr topr , 


tou IR tas 


me) 


are Vin 


CAS 


el 
me 


Vin — YWY¥Y WY WY YY YY YN YYYVVYY YY YWYYY YY YY 
taRH 
READ CYCLE 


RAALYVYY 
OQQOY 


| 
roa inom WIYAYY VATA AVA, TYY 
seme SCC ONS fee dl E= 
toca 

Vin — VYVY YYYVYVYVYYYVYVYVYVYYYVYYY RAL AY 
Fn RRR BOOP ORER IY 
[| ee 


Von — 
DQ1-DQ4 AA/N VALID DATA-OUT ) 
‘ Vor — BO 


WRITE CYCLE twas | | twexH 


ie ae 

eee Vn — YYYYYX YYYY YY 
ene" OOO SB SC a 
<— Vin — YYVY VY YY YY YAY VY YOY PY ALS ASSP AA AY YA RAAALA AA AL,AAALYY VY YYY 
SEE CONNONNNOONONNO NOOO NOON 


twos 


aE |_| 
Vin ~ JOVWYY 7 IWYY 
Wy /10;~W4/!04 ec: CORRS eae KRM VALID DATA-IN I) 
READ-MODIFY-WRITE CYCLE 


twas | |twex 


aera 
ee Vin —~ DAI) TY YY YY 
Wee OOO ROQQOOOY 


tawe 


twp 
RRR 


Vvyy k RnR yy YuweyYYRaAYReyNvY_Y 


ai 
FE, RRQQQQOOM OOOO | 


. t 
tcac = 
W,/10,~Wa/lOa) * "4 X VALID 
een WN PNA GAIN 


wos | | twou VALID DATA-OUT 
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KM44C4010A/AL/ALL/ASL 


CMOS DRAM 

TIMING DIAGRAMS (continued) 
TEST MODE IN CYCLE 

NOTE: OE, Address=Don't Care 

trac 
tRAS trp 
as Viq— trpc \ 
Vit~ 
top tcsr 
rire alg as 
— Vin OOKXKK KK KXKXAAAK KKKAK AK ARAKA KK KK 
SF ees a KER KKK KR RN ERA 
t——— twtH 
we YH XERRERNRNR RRR KN 


) 
RYN 


Vit— (X A\ 


torr 


DQ1-DQs 


TEST MODE DESCRIPTION 


The KM44C4010 is the RAM organized 4,194,304 
words by 4 bit, it is internally organized 1,048,576 words 
by 16 bits. In “Test Mode”, data are written into 16 sec- 
tors in parallel and retrieved the same way. Column ad- 
dress bit Ap and A, are not used. If, upon reading, four 
bits on one I/O pin are equal (all ‘1”’s or ‘0”s), the 1/0 
pin indicates a “1”. If they were not equal, the I/O pin 


+44" 
BIO RRR 


OPEN 


ae DON’T CARE 


would indicate a “0”. In “Test Mode”, the 4Mx4 
DRAM can be tested as if it were a1M x 4 DRAM. W, 
’ CAS-Before-Ras Cycle (Test Mode in Cycle) puts the 
device into “Test Mode”. And “CAS-Before-RAS 
Refresh Cycle” or “RAS only Refresh Cycle” puts it 
back into “Normal Mode”. The “Test Mode” function 
reduces test time (1/4 in cases of N test pattern). 
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{<M44C4010A/AL/ALL/ASL | CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


_ a_i | —[l— 
nm o;]s oOlo 
zie BIS als 8/8 
ele Glo B/S sis 

oO QO N 
ww} Ww ow > o 

ON Of] st (=) 
Q 18 NIN S/e S/S 
colo Slo o/c Slo 


0.670 (17.02) eel ~ 0.128 (3.25) 
0.680 (17.27) 0.145 (3.68) 
ee ee be ed Cj EIS = Lat 
eat 
0.004(0.1) 


0.050(1.27) 0.015(0.38) J 0.026(0.66) 
TYP 0.021(0.53) 0.032(0.81) 


| 0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (300MIL, Forward and Reverse Type) 


0.03 (0.80) 


0.298 (7.57) 
0.302 (7.67) 


0.671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


—_———\ 
0.324(8.22) 
0.359 (9.12) 
0.367 (9.32) 


0.005 (0.13) 
0.008 (0.20) 


Bpoosce] COARAHEIHHHHAD 


a 0.048 (1 22) . 0.012 (0.30) | | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) 
0.024 (0.60) 
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-KM44C4010A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


-_ 0.025(0.64} 
+ MIN 


| 
| 


pessoas | 


0.380(9.65) 
0.430(10.90) 
0.445(11.30) 


0.008(0.20) 


) is 
0.725(18.42) s 1 0.144(3.66) | 
| | | MAX 


Fy inl 
Ia 0.004(0.1) 
0.050(1.27)| | : 0.015(0.38) | | 0.026(0.66) 
Tye of 0.021(0.53) 0.032(0.81) 
0.050(1.27) 
” MAX 
24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 
0.03 (0.80) 
TYP 


0.723 (18.36) 
0.727 (18.46) 


0.005 (0.13) 


| <—=h | 
. 0.423 (10.76) 
TYP 
0.459 (11.66) 
0.467 (11.86) 


0.008 (0.20) 
| 
cial | omc 2 conn || 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 
0.016 (0.40) i | 
0.024 (0.60) 7d 
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CMOS DRAM 


KM44C4110A/AL/ALL/ASL 


4M x4 Bit CMOS Dynamic RAM with Fast Page Mode (Write Per Bit Mode) 


FEATURES 
« Performance range: 


P| trac | tone | tre | 
KM44C4110A/AL/ALL/ASL-5 | 50ns | 13ns | 90ns | 
KM44C41104/AL/ALL/ASL-6 | 60ns | 15ns | 110ns_ 
KM44C4110A/AL/ALL/ASL-7 
KM44C4110A/AL/ALL/ASL-8 | 80ns | 20ns | 150ns | 


« Fast Page Mode operation 

¢ Self Refrdsh Operation (LL-ver. only) 

- Write Per Bit Mode capability 

« CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

* Early write or output enable controlled write 

« Single+5.0V+10% power supply 

* 2048 cycles/32ms refresh (Normal) 

¢ 2048 cycles/128ms refresh (Low power & Self Ref.) 
¢ 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

« Available in plastic SOJ and TSOP(!I) 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


Refresh Timer 


be eae 


Ao~Ai0 


Vcc 
Vss 
VBB Generator 


Memory Array 
4,194,304x4 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM44C4110A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44C4110A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 


auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C4110A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


W1/DQ1 
to 
Wa4/DQ4 


Cells 


Sense Amps & IO 


Data out 
Buffer 
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KM44C4110A/AL/ALL/ASL 


CMOS DRAM 


PIN CONFIGURATION (top views) 


* KM44C4110 AJ/ALJ/ALLJ/ASLJ 


~ KM44C4110 AT/ALT/ALLT/ASLT + KM44C4110 ATR/ALTR/ALLTR/ASLTR 
ASR/ALSR/ALLSR/ASLSR 


AK/ALK/ALLK/ASLK 


2410 Vss 
2310 Wa4/DQ4 
221 W3/DQ3 


Vcc 
W1/DQ1 
W2/DQ2 


Veco 
W1/DQ1 14 
 We/DQe 1 


AS/ALS/ALLS/ASLS 


Vss 
W4/DQa 
W3/DQ3 
CAS 


WB/W 211 CAS WB/W 0 

RAS N.C. RAS 1 N.C. 
N.c. Ag N.C. Ag 
Aw Ag Aio 14 Ag 
An A? Ag 0-4 A7 
Aig Ae Ay OO AG 
A2q As A2 1] As 
A3 Ag A3 1 Ag 
Voc O12 Vss Vec 1 Vss 


J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL S: 300MIL(Forward) SR : 300MIL(Reverse) 
Pin Name Pin Function 
Ao-A1o Address Inputs , 
woo we Select/Data in, out _| 
Vss Ground 
| RAS Row Address Strobe 
| CAS - a Column Address Strobe 


WB/W 


a 


Vcc Power(+5.0V) 
N.C No Connection 


Write Per Bit/Read, Write input 
Data Output Enable 
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KM44C4110A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


[Parameter «|S Symbol «| ~CRating SCs CS 
Voltage on Any Pin Relative to Vss Vin, VouT . 

ae ee a ee 
foe a erie Ae 


Voltage on Vcc Supply Relative to Vss 
Storage Temperature 
Power Dissipation 
Short Circuit Output Current 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functiona! operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS — referenced to Vss, Ta=0 to 70°C) 


* 


Operating Current* 
(RAS and CAS Cycling @trc=min.) 


Standby Current 
(RAS=CAS=WB/W=Vin ) 


RAS-Only Refresh Current* 
(CAS=Vin, RAS Cycling @trc=min.) 


Fast Page Mode Current* 
‘(RAS=ViL, CAS, Address Cycling @tpc=min.) 


Standby Current 
(RAS=CAS=WB/W=Vcc-0.2V) 


‘AS-Before-RAS Refresh Current” 
a 


(RAS and CAS Cycling @trc=min.) 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vid)=Vcc-0.2V 
Input Low Voltage(Vit)=0.2V CAS=CAS-Before-RAS 
Cycling or 0.2V DQi~DQs4=Don't Care trc=62. suse Ver.) 
1254s(SL-Ver.), tras=tras min~300ns 
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KM44C4110A/AL/ALL/ASL-5 

KM44C4110A/AL/ALL/ASL-6 
KM44C4110A/AL/ALL/ASL-7 
KM44C4110A/AL/ALL/ASL-8 


KM44C4110A 
KM44C04110AL 
KM44C4110ALL 
KM44C4110ASL 


KM44C4110A/AL/ALL/ASL-5 
KM44C4110A/AL/ALL/ASL-6 
KM44C4110A/AL/ALL/ASL-7 
KM44C4110A/AL/ALL/ASL-8 


KM44C4110A/AL/ALL/ASL-5 | 
KM44C4110A/AL/ALL/ASL-6 
KM44C4110A/AL/ALL/ASL-7 
KM44C4110A/AL/ALL/ASL-8 


KM44C4110A 
KM44C4110AL 
KM44C4110ALL 
KM44C4110ASL 


KM44C4110A/AL/ALL/ASL-5 
KM44C4110A/AL/ALL/ASL-6 
KM44C4110A/AL/ALL/ASL-7 
KM44C04110A/AL/ALL/ASL-8 


KM44C4110AL 


KM44C4110ASL 


KM44C4110A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


Self Refresh Current 

RAS=CAS=0.2V 
WB/W=0E=A0-A1o=Vcc-0.2V or 0.2V 
W1/DQ1-Wa4/DQ4=Vcc-0.2V, 0.2V or Open - 


KM44C4110ALL 


Input Leakage Current 
(Any input O<Vin <Vcc+0.5V, all other pins not under test=0 volts.) 


Output Leakage Current inc 10 40 
(Data out is disabled, OV<Vout<Vcc) 


Output High Voltage Level (lox=-5mA) 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icca, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25°c, vcc=5v, f=1MHz) 


7 


Min 


mbol Min | 
Random read or write cycle time tRC | 90 | 110] 


Read-modify-write cycle time . tawe | 133 155 
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Access time from RAS 


S 
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ho 
So 


Access time from CAS 


= 


Access time from column address 
CAS to output in Low-Z 
Output buffer turn-off delay 


3 
RK 


+ 
jo} 
bal 
7 


Transition time (rise and fall) tre 
[CAS pusewith | tas | 
tao 


CAS to RAS precharge time tcRP 
Row address set-up time 
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KM44C4110A/AL/ALL/ASL 


AC CHARACTERISTICS (Continued) 


Row address hold time 


Column address set-up time 
Column address hold time 
Column address hold time referenced to RAS 
Column address to RAS lead time 
Read command set-up time 

Read command hold time referenced to CAS 
Read command hold time referenced to RAS 
Write command hold time 
Write command hold time referenced to RAS 
Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data set-up time . . 

Data hold time 

Data hold time referenced to RAS 

{Refresh period (Normal) 

Refresh period (Low power & Self Ref.) 
Refresh period (Super Low power) 

Write command set-up time 

CAS to W delay time 

RAS to W delay time 

Column address to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS to CAS precharge time 

CAS precharge time (C-B-R counter test cycle) 
Access time from CAS precharge 

Fast Page mode cycle time 

_| Fast Page mode read-modify-write cycle time 
CAS precharge time (Fast Page mode) 

| RAS pulse width(Fast Page mode) 

RAS hold time from CAS precharge 

OE access time 

OE to data delay 

Output buffer turn off delay time from OE 

OE command hold time 


CMOS DRAM 
Sat | ie Se . 
Sh OSs 7 
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KM44C4110A/AL/ALL/ASL | CMOS DRAM 


AC CHARACTERISTICS (Continued) 


ee en smrsmrsarrsc eed 
| in| Max | Min] Max | in| Max | Min | Max _| 


iisconmensetsotneretmeeid [ws | vo} fol {of {of fost 
Write command hold time (Test mode in) |twn | tof = | ao] sf tof 
jtwe | io] [ol | 10) 


W to RAS precharge time (C-B-R refresh) 


Write selection set-up time | twos | 0. 
Witepertitseecionnodime | won | tof | tof | tof _—| 


TEST MODE CYCLE . (Note.12) 


[Randomread orwitecycletime | to (| 95] | tts] tas] | te | ns | 
two | 138} | te] too | | ato] | ns | 
Access timefomAAS | ww || ss] ||| r5] | a8 ns | 3.4 | 
JAccesstimetomAS | tea || tw] | zo] ||| 25] | a | 
intima wm [ [af sf Tol ol 
RA pulse width te [8] eae) 6am 78. Dam | ee 

CAS puise width 25 | 10,000] 25| 10,000] ns | 


RAS hold time 

CAS hold time 

Column address to RAS lead time 
CAS to W delay time 

RAS to W delay time 

Column address to W delay time 


3 °jYR 3 

A in a 
ee ee ee 
ajoa{a 


Ly 
—_ pos 
_ _ aofo = jo 
oO i=) oOo};o o;]o 


Fast Page mode cycle time 


Fast Page mode read-modify-write cycle time 


18 
| too | ta] 
OE command hold time | tor | ta] | 20 
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KM44C4110A/AL/ALL/ASL 


CMOS DRAM 


NOTES 


1. 


[o?) 


An initial pause of 200us is required after power-up 


followed by any 8 CBR or ROR cycles before ~ 


proper device operation is achieved. 


. ViH(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF. : 


. Operation within the tRcp(max) limit insures that - 


trRac(max) can be met. trcp(max) is specified as a 
reference point only. If trcd is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tRcD > tRCD (max). 
. tar, twcr, tbHR are referenced to tRaD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to Vou or VoL. 


. twos, tRwp, tcwD and tawD are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwop(min), tawo> 
tRwo(min). and tawp>tawp(min), then the cycle is a 


10. 


11. 


12 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data output is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the tRaD(max) limit insures that 
tRac(max) can be met. trap(max) is specified as a 
reference point only. If trap is greater than the 
specified tRaAp(max) limit, then access time is 
controlled by taa. 


. These specifications are applied in the test mode. 
13. 


In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

2048 cycle of burst refresh must be executed 
within 32ms before and after self refresh, in order 
to meet refresh specification. 
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KM44C4110A/AL/ALL/ASL 


TIMING DIAGRAMS 


READ CYCLE 
tre 
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RAS Vit— 
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| | trwe 
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KM44C4110A/AL/ALL/ASL | CMOS DRAM 


TIMING 


DIAGRAMS (Continued) 


WRITE CYCLE (OE CONTROLLED WRITE) 


RAS 


CAS 


WB/W 


W,/DQ, 
~W,/DQ4 


tra 


t, 
Vin — XXXXKK) am (Xx) COLUMN CECCECOCEECECECEECCCEN 
Wn OOO avons PRM SSE WORRY) 


twes 


pois t : 
Via — DOAYYYVY VV IMI we AAI IV AAA ARAA RA 
1 — OY = CUE RR OOOO 
Piet bcs 
oe Vem KKAKAARAAVVYYYYY YY BY YY YYYVYV YY YYVYVYY ¥ XLV YVYY VY XY XY & 
so — RRO ROGOY ORY 
twos tox ; 


Vie— Dyn AAV Y RAIA AAAS 
OE OH oon KR 


READ-MODIFY-WRITE CYCLE 


CAS 


W,/DQ, 
~W,/DQ4 


Vin— 
Vii— 


Vin —- VaTAYATAV, 
Vit— KON 


Vin —~ Try yy yey ye ea ee IV V 
ne NNEC NCNNN NON 
twos ey fe a | 
gles ne 
a eee 3 


Vin WRN VAVAYAA AYA’ A AYAYATAAA’A’AY, VAVAVAVAYAT, "A AVA AY AVA a’ AVAVAY, 
O_O HO 


Vou — %. VALID 
ine OPEN ‘ f DATA-OUT PD 


ir Ey cin aa ry twp ee _ 
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KM44C4110A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS continued) 
FAST PAGE MODE READ CYCLE 


CAS 


DQ 1-DQ, 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


RAS 


W,/DQ, 
~wW,/DQ, 


; tap 
RASP — rene oat] 
Vin— tRHCR 
Vit— 

tcrp TCRP 
ViH— 
Vit— 


tASR 


cs UX XX XX) Bun AWW) 


aa 

Vir— FRAFRO 

Vi = i OYA. SB5RESS | a KY ey KDDRESS RY Aes oe Ra ny XXX 
aa 7 EC 'RCH 


Vip TXKKKV 
Vit— joo Hg KS i 
Vin- LA/ YX) (XY \A/VV 
Vit— IY Genin RY yr ine Y ON 
torr 

VoH— 

VALID \ VALID 

Vee UY bataour) ONC batwour } 
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tasH 
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wc in ee Gy amo 
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KM44C4110A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


RAS 


WB/W 


W,/DQ, 
~W4/DQ4 
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ST | were COL Hl on reat CUO enus 


T L 
a 
[toe 7 tow 
-— 
f twp 


Dout 


Va ont Ho FRR OK HR 


Naa DON'T CARE 


o on iS P i al 
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TIMING DIAGRAMS continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 


RAS ViH— 


RAS 

Vit— 

Vin— YOON IAA ARAKI AAA AAA 
A Vi WORN ROY 
pale Vin— SOS COVES 
CS ee OR ORY 


Vv 
DQ;-DQ, ‘ Sse (~) fF [) 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: OE, Address = Don’t Care 


tre 


trp 
RAS mie —_———<—-— tras: 
Vit— 
tRPC 
é tcp tcsr trec 
CHS Vid ame rf KXXXXXKXXXXXKKK KN 
Vit— PAK IMG IW.V9.0.9,4,8' 
twrRH 
ViH—- PRARAKAAIIVY VV PK AAK AAAI AYA AV 
w i RY GSS 
torr 2 
pay-pa, WOH \ OPEN 
Viol — 
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TIMING DIAGRAMS (continued) _ 
HIDDEN REFRESH CYCLE (READ) 
Lo 


t sae setae HOLE. SS 
RC as RC 
tras tae —— }—— tras trp 


= ViH— 
RAS tar — 
Vit— 


tcrp [ss taco tRsH -+--———-- tcHR 


Vin— 


CAS t \\ 
R 
vic AD 
tasc 
tasr 7 tRAH 


. Mino \/ i ASV VA/VV VVVVV VV SVVASVJ/V VVVVV/VV VV V 
re Gd. Ee CO OAK AAA RK KKK) 
twrp 
= Vin VAARIYYYVVG "War 2 IAPIVVVVVY VV V DIVAN Ay 
" vi es 
he Vin— ARARIIVV IV AAAI AKAMAI YVAN A 
Ea KN GOOXXXKAXY BASSO KOCK 
DQ1-DQ,4 Ae 
HIDDEN REFRESH CYCLE (WRITE) 
tro RC 
tras trp tre 
RAS he = tar tras 
tere | nae 
ve sa CH 
a Vi — 


Ed 
Vin — cy, X KITTS 
6 SOARS ROUT socness IOUS 


two - 


twas 
eid 
wee Vin — TYY twe BY 


= Vin — SVYY YARALAY PATA ARARALRARAARARARAAAR AAA AA ARARARAAAA AS 
a ages ; tou | 
Vin — TY y VW AY AW AW AY BT OY AY ANU AY AN AN ANY AW AWAY AY AW AW AW AW AW AW AW AW AV AW AW AVA AWW WAV, 


Mask—/ y tour . DON’T CA 
DATA-IN : ; KX CARE 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


Vin 


p>-— tre 


tesr 


tr 


es 
Vin — VARY VV YYVYYVY YN WV ITV iv, VY TY 
READ CYCLE 


ES 
wa ) RR | 
: 1 


| x QOS 
V WIV / ‘Eee 
H—- YVYVYY VAV AV AVAW, VYYS/YVY YY VY BINA] \/ 
= ROL _| SOOO 
toiz 


Vii — AAL LVYNINVA 
torr . 


DQ;-DQ, Vow — 


Vor — 


pd = 


WRITE CYCLE pony fe mi 
Vin — YY ¥ WVA\/\/ WY VV YY VN Y/ VWV/ WV/Y YWYVY AAAARASYY VY YYW 
Vie — YYYY = WII YY —_ 


READ-MODIFY-WRITE CYCLE 


twes | | twey 


Bae 
pe ee Vin —~— POVVN) TYY YY YN 
eucee OOOO JROQGOGOG | 
eee Silene: 
FF RAO _| 


t 
teac el 
Vin — 7, 
W,/lO;~Wa/lOg ON 7 } N var 


m 


YYY YY YY V VY WY VY YY YY YY 
COOL 


tawe 


twp 


Vii — N/y 
: t 
wos | | fwou VALID DATA-OUT 


VoH — YYYYY VWYY VY \YVVYVY¥Y YY YY VVYY YAY VV ¥ TATA ATA ATA AAA ANAT 
OR ota WOOO OOM onan OQDQQQOOL 


Vor — WM 
RY DON'T CARE 
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— TIMING DIAGRAMS (continues) 


TEST MODE IN CYCLE 
NOTE: OE, Address=Don’t Care 


RAS 


Vin— trpc 
Vit— 
tcp tcsR 
fe 7 ‘cur 
es Vin~ 
CAS 
Vit— 
twTH 
Vip— III VVV 
Ww OK KX KX KAM A 
vu ERK) 
torr 
DQ,-Da, VuioH — N 
VoL — 


TEST MODE DESCRIPTION 


The KM44C4110 is the RAM organized 4,194,304 words 
by 4 bit, it is internally organized 1,048,576 words by 16 
bits. In "Test Mode", data are written into 16 sectors in 
parallel and retrieved the same way. Column address bit 
AO and A1 are not used. If, upon reading, four bits on 
one I/O pin are equal (all "1"s or "O"s), the {/O pin in- 
dicates a "1". If they were not equal, the I/O pin would 


VYVYVVWV/YVYVYVY 
RRR OAS 


V/V/V YVY 
AYYXY 
XX {\ £\ 


tre 


tras trp 


SRRRRRERRN 
OSAKA 


XXX X 
YY 


’ KKK) 
WY RK 


YX 


AL 


XXX XX XXKKKKKKRKK KK XXX X KX XX 
Beni lesatarrllatatatectater 


OPEN 


EX] oon cane 


indicate a "0". In "Test Mode" the 4Mx4 DRAM can 
be tested as if it were a 1Mx4 DRAM. W, CAS-Before- 
RAS Cycle (Test Mode in Cycle) puts the device into 
"Test Mode". And "CAS-Before-RAS Refresh Cycle” or 
"RAS only Refresh Cycle” puts it back into "Normal 
Mode". The “Test Mode" function reduces test time (1/4 
in cases of N test pattern). 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (SOOMIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


—_— 


0.295 (7.49) 
0.305 (7.75) 
0.330 (8.38) 
0.340 (8.64) 


0.012 (0.30) 


0.275 (6.98) 
0.008 (0.20) 


0.260 (6.60) 


0.670 (17.02) a 0.128 (3.25) 
0.680 (17.27) | 0.145 (3.68) 


0.026(0.66) 
0.032(0.81) 


CY| 0.004(0.1) 
0.050(1.27) 0.015(0.38) | 
TYP 0.021(0.53) 


0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(I!) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 


0.298 (7.57) 
0.302 (7.67) 


0.671 (17.04) 
0.679 (17.24) 


0.047 (1.20) 


0.324(8.22) 
0.359 (9.12) 
0.367 (9.32) 


0.039 (1.0) 


0.005 (0.13) 
0.008 (0.20) . 


fay 0.003 (0.08) gal jal 


0.048 (1.22) 0.012 (0.30) 
— 0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 


TYP 


0.016 (0.40) 
0.024 (0.60) 
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KM44C4110A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS : 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


0.025(0.64) 
MIN 


0.360(9.10) 
0.380(9.65) 
0.430(10.90) 


0.445(11.30) 


© 
a 
re) 
= 
re) 
ro) 
bs 
ro) 


| 0.008(0.20) 


0.144(3.66) 


MAX 


0.026(0.66) 
0.032(0.81) 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 


la 0.004(0.1) 
ocso4.27 z | 0.015(0.38) a ee 
TYP 0.021(0.53) 


0.050(1.27) 
MAX 


0.03 (0.80) 


0.423 (10.76) 


0.398 (10.11) 
0.402 (10.21) 
0.459 (11.66) 
0.467 (11.86) 


0.723 (18.36) 
0.727 (18.46) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


lemon] THARARETHAAAAD 
_ 0.048 (1.22) 0.012 (030) | | 
0.052 (1.32) 0.020 (050) 0.037 (0.95) 
TYP 
0.016 (0.40) | | 
0.024 (0.60) 
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CMOS DRAM 


4M x4 Bit CMOS Dynamic RAM with Static Column Mode 


FEATURES 


¢ Performance range: 


po tre | tone | tre 
KM44C4002A/AL/ALL/ASL-5 
KM44C4002A/AL/ALL/ASL-6 | 60ns | 15ns | 110ns_ 
KM44C4002A/AL/ALL/ASL-7 
KM44C4002A/AL/ALL/ASL-8 


¢ Static Column Mode operation 

« Self Refresh Operation (LL-ver, only) 

- CS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 

« Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

« Single+5.0V+10% power supply 

« 4096 cycles/64ms refresh (Normal) 

« 4096 cycles/128ms refresh (Low power & Self Ref.) 
* 4096 cycles/256ms refresh (Super Low power. 
¢ JEDEC standard pinout 

* Available in plastic SOJ and TSOPi(II) 


FUNCTIONAL BLOCK DIAGRAM 


RAS 
eo Control 
eee Clocks 

Ww 


130ns 
150ns . 


Ves Generator 


GENERAL DESCRIPTION 


The Samsung KM44C4002A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44C4002A/AL/ALL/ASL features Static Column 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C4002A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vec 
Vss 


Refresh Timer 
== 
Refresh Control 
Refresh Counter 
Row Address Buffer 
Col. Address Buffer 


ACAI 


A0~AQ 


Cotumn Decoder 


Memory Array 
4,194,304 » 4 
Cells 


Sense Amps & IO 


Data out 
Buffer 


ei 


ELECTRONICS 


659 


KM44C4002A/AL/ALL/ASL CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM44C4002 AJ/ALJ/ALLJ/ASLJ + KM44C4002 AT/ALT/ALLT/ASLT + KM44C4002 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 


J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse) 


Address Inputs 

Data In/Out 

Ground 

Row Address Strobe 


Chip Select input 
Read/Write Input 


Power(+5.0V) 
| 


PSamsungg = 
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ABSOLUTE MAXIMUM RATINGS 


Parameter Symbot—“Ratng —dYCs 
ialags BriNec Sipeh Roane VS 
: 
emiaenommaner ey ee 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation. 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


[Peer Tet Tin Te TT at 


Ground 


tt 


Storage Oded le 


KM44C4002A/AL/ALL/ASL-5 
Operating Current* KM44C4002A/AL/ALL/ASL-6 
(RAS and CS Cycling @trc=min.) KM44C4002A/AL/ALL/ASL-7 

KM44C4002A/AL/ALL/ASL-8 


| KM44C4002A 

Standby Current KM44C4002AL 

(RAS=CS=W=Vin ) KM44C4002ALL 
KM44C4002ASL 


KM44C4002A/AL/ALL/ASL-5 
RAS-Only Refresh Current* KM44C4002A/AL/ALL/ASL-6 
(CS=ViH, RAS Cycling @trc=min.) KM44C4002A/AL/ALL/ASL-7 
KM44C4002A/AL/ALL/ASL-8 


KM44C4002A/AL/ALL/ASL-5 
Fast Page Mode Current* KM44C4002A/AL/ALL/ASL-6 
(RAS=Vit, CS, Address Cycling @tpc=min.) KM44C4002A/AL/ALL/ASL-7 
KM44C4002A/AL/ALL/ASL-8 


KM44C4002A 

. KM44C4002AL 
KM44C40 02ALL 
KM44C4002ASL 


; KM44C4002A/AUV/ALL/ASL-5 

CS-Before-RAS Refresh Current’ KM44C4002A/AL/ALL/ASL-6 
(RAS and CS Cycling @trc=min.) KM44C4002A/AL/ALL/ASL-7 
KM44C4002A/AL/ALL/ASL-8 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vcc-0.2V 
Input Low Voltage(Vi)=0.2V CS=CS-Before-RAS 

Cycling or 0.2V DQ1~DQ4=Don't Care trc=31.25ps(L-Ver) 
62.5us(SL-Ver)}, tras =tras min~300ns 
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KM44C4002A/AL/ALL/ASL a CMOS DRAM 


(Recommended operating conditions unless otherwise noted) 
RAS=CS=0.2V 
Input Leakage Current mn 10 40 A 
(Any input 0<Vin <Vcc+0.5y, all other pins not under test=0 volts.) B 
Output Low Voltage Level (loL=4.2mA) | vo | - | 04 | V 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one Static Column cycle. 
‘ -7 7 


SR aramtor——*dSprb] in | Max | Uni 
W=OE=Ao-A11=Vcc-0.2V or 0.2V 
Output Leakage Current 
(Data out is disabled, OV<Vout<Vcc) HA 
*NOTE: Icc1, Iccs, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
CAPACITANCE cta=25°c, Voo=5v, f= 1MHz) 

Input Capacitance (RAS, CS, W, OE) 
Random read or write cycle time | tac | 90 
Read-modify-write cycle time tawe | 133 


DC AND OPERATING CHARACTERISTICS (Continued) 
Self Refresh Current . < 
KM44C4002ALL Iccs 300 HA 
DQ1-DQ4=Vcc-0.2V, 0.2V or Open . | 
Output High Voltage Level (loH#=-5mA) | vow | 24] - | V 
the output open. icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
Parameter Symbot [in [Max [Unit | 
Input Capacitance (DQ1~DQa) 
Access time from RAS 


— 
= 
So 


155 


EI 


g 
QO 


Access time from CS 


q 


Access time from column address 
CS to output in Low-Z 


S 
N 


Output buffer turn-off delay 
Transition time (rise and fall) 

RAS precharge time 

RAS pulse width | 

RAS hold time 

CS hold time 

CS pulse width 

RAS to CS delay time 

RAS to column address delay time 
CS to RAS precharge time 

Row address set-up time tASR 
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AC CHARACTERISTICS (Continued) 


Ce 


Row address hold tme | tow | to] | tof | to} | tof | os | 
[Colum address setuptime | use | of || 


= 
= 
@o 
°Q 
°o 
3 
3 
» 
J 
Q 
=> 
So 
a 
=. 
3 
@o 
oO 
<= 
Bh js = _ 
ao jon ao on 


-20{ | | | ns | 
of | of of nw | to | 


= 
= 
® 
Q 
3 
3 
3 
9s 
=> 
a 
rot 
al 
ide) 
oy 
> 
2. 
= 
o 
Ss 
= 
: me 


[tos _| 
Datahold time eferencedto FAS | tn 
Retrsh ped Noma) | a 
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JRAStoWdeaytime tr | 
7 
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Co 
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Nh 
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an 


ho 
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Last write to column address delay time tuwaD 
Last write to column address hold time tAHLW 
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AC CHARACTERISTICS (Continueg) 


Write command inactive time 
RAS hold time referenced to OE 
Write address hold time referenced to RAS 


‘ 
: 


3S |F iz 
els (e| 


a 
Oo 
m 
o 


OE to data delay 


Output buffer turn off delay time from OE 


£ command hold time 


Write command set-up time (Test mode in) 


RA 
OE 
Write command hold time (Test mode in) 


Wto RAS precharge time (C-B-R refresh) 


| Wto RAS hold time (C-B-R refresh) 
RAS pulse width (C-B-R self refresh) 


RAS precharge time (C-B-R self refresh) 
CS hold time (C-B-R self refresh) tCHS 


ee ee ee ee eS — —_ |— 
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TEST MODE CYCLE (Note.12) 


7 
Parameter 


Units | Notes 
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NOTES 


1. 


NOOO 


An initial pause of 200us is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. ViH(min) and Vi_(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and Vit(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF. 


. Operation within the trcp(max) limit insures that © 


tRac(max) can be met. trcp(max) is specified as a 
reference point only. If tacp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tRcb >trRcb (max). 
. tar, twcR, toHR are referenced to trap(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VoH or VOL. 


. twcs, trwo, tcwp and tawp are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), tawo> 
trRwp(min) and tawp>tawop(min), then the cycle is a 


10. 


11. 


12. 
13. 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data output is indeterminate. 


. Either tRCH or taRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CS leading 
edge in early write cycles and to the W leading 
edge in read-write cycles. 

Operation within the trap(max) limit insures that 
trac(max) can be met. tRaD(max) is specified as a 
reference point only. If tRap is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of tRAc, tAA; tCAc 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. , 
toFF(max) and toEz(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

4096 cycle of. burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 


al? 
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TIMING DIAGRAMS 


READ CYCLE 
tac 
tre 
— ViH— 
RAS Pits 
iL | tcrP- 
Ree, ViH— \ \ 
= ee a im 
tar 
gee — a = 


ns jy 
ia 
Vin— RAW ROW ¥,\ y, 
Re i a |) CLC a 
| | pee [= [-— tes 
i |" 
OONge 


= Vin SAARI OIIAATIAA TY VYVYVVVVVYVY VV/ 

Wn CARY ie ANY 
ft 

pane ViH— VI VVASAAAS VAL VV VV AASV 

SE CAA 


MAAS VV VV VV VV VVVV 
PRIA irnnccnnrcnnnnnnns 


tcac toFF 
cae ae 


VoH— AG 
DQ}-DQ ix XXX VALID DATA 
ea Vot— WW 


tc.z 


KY) DON’T CARE 
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TIMING DIAGRAMS continueg) 
WRITE CYCLE (EARLY WRITE) 


— tre 
fie pie trp 

a= Vin— }~-—_—_--—— tawr 

Vir— | 

pote y - tcrp 
tcrp 

= Vin— tes } = 
cs t 

Vit— [= PRAD 


tasR tRAH Bee : 
Y, Ee A am VaVAVAVAY, AN) 
«Seo RRRRXESSX I coun scones X RERRRRERN AAD 


f\ 


IIA AAAAA A IAAT AATOAAARAINA 
BYR RR 


| 
VI — YWVVYVVVYV//JVVV 
Ven OR, | 
eo 


=| 


DBPAAAAAANAAAAAAAA LY ZX TAAAA A 


aon Vin— VYVVVVVVVVVVVJVYYVVY ¥Y YVYVVYVVVVVVAASA/VYVVV “4¥a¥a¥a"a"s¥a¥a’a¥aa¥aVa¥ava’ay, 
OF Vie TO RRR 


Viq— 
ors eae, a ae { VALID DATA-IN OPEN 


WRITE CYCLE (OE CONTROLLED WRITE) 
[ - tre 
i tras trp 


Se 
tcrp 
oa, ViqH— 
cs ies 
tasr 
Vin— FOVYYY 5) 7,9,9,0,0 YK KAAAAAKXX XA/ 
© wa SA noone RM aooress AMX) 
= Vike. ees cana 60'6.0,0.0,0.0:0'0'9'9'4'¢.1A,7,V,0,0,0,0,9, 
w Ven RRR RK KRY RXXXXX XXX KAKA 
toEH 
OE MIEN 1,0.0,0,0.0.0.0,0,0.0.0,0.0.0.0 a WM Unnnnnnninninnnnrerye 
OE ViL—- OA XX XXXXXAKXX XAX XXXK KX X XV e¢ 
toH 
Wits : KITe a * 2 oD Asa‘ A's YX XXX YXAAAAA) 
DQ}-DQ, . oe AX ae OX XXXXKRXKKXXKXK RK KAA XXX 


Nt DON’T CARE 
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CMOS DRAM 


TIMING DIAGRAMS (ontinuse 


READ-WRITE/R 


— Viq— 
RAS Wee 
ae ViH 
cs Viit— 
Vix 
e Vit— 
pa Vix 
bs Vit— 
Se vin~ X 
: Vit— 
VvOH — 
DQ1DQ4 Wig, 


— OY || tewo 


EAD-MODIFY-WRITE CYCLE 


tcrp 
+ 


—- trop 


tasr 


tRAH 


~ OK cocoons REED 


at 
[-—+- tres tawo = — 
CXARARKK RY YY 
OXON =, 
toEA 


Wy NX AV i 


tcac 
— trac 


STATIC COLUMN MODE READ CYCLE 


RAS ue 
Vit 
Pn ViH 

Vit— 

oe ViH— 
Vit— 

aw ViH— 
“Vit— 

ee Vin— 
Vit— 
DQ;-DQ ae 
4-DQ4 Vot— 


toed 


trasc 


Me XK 
” KN KK 


YY 


i, Goa ADDRESS 


SRO Nant, 


AK) VY 


MNO lNCMCMencacunncncacee® 


teiz 


VALID 
youre p 


COLUMN 
ADDRESS 


AAVALION 
XXY Oa 


tcLz 


tos 


= ee 
ey ROW | actettcs OO x) COLUMN 
ADDRESS 


}=—toeH 


COLUMN 
ADDRESS 


twe KXYY YY Ws KXX 


YOY 
OX AXKY 


pics| 


+ et 
jal 


tRRH 


i Wy ON XK 


tROH 


XKXKKXX KK KXKKRK 
BI 
toEz 
torF 


A) VALID : 
Wy 4 DATA 
ey DON’T CARE 
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KM44C4002A/AL/ALL/ASL. 


CMOS DRAM 


TIMING DIAGRAMS 6(continueq) = 
STATIC COLUMN MODE WRITE CYCLE (W controlled early write) 


MViH— 


| 


Ps) 
>| 
oO 


Vit— 


Vin— 
Vii- 


Viq— 
Vit— 


Vin— 
Vit— 


=| 


ViH— 
ViL— 


taSR 


YAY, 
9, 


be. 


|» tRAD 
RAH 


ane 
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SVN ADDRESS KY { 


trp 


tRasc 
tRAL 
tasc tCAH 
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COLUMN WAYYYY COLUMN YY) 
ADDRESS YY) \_ADDRESS Ky) 


|——. 


\/ \/ Vala sValValaVay, 
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FN 


tbHR 
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OAK YXX YY) 


RAS oe 
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Vin— 
. Vit— 
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cS IH 
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OE ane 
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Viq— 
DQrDQ, oy, 


OXY) 


NAAZ 


4 


R 
ADD 


mm OW pon 
Laponess AVY) 


{_ COLUMN 
A ADDRESS 


tos 


aes 
U 


; RY v9, YY YVYY KKK 
BSS YYKYXYAYRKXYY 


VVAANA AANA YAY AAAAAAAAMANWIYYAAAAAAAADAA A KAAMAAADI\AVYVVV/ 
MK KK KKK XK OORK KKK KKK LHX 


AL 


Wey 


| 
VV/ VV V/V/V \/ V/V/V V \/ \/ VA\/ IVV/ VV/ VV/V/ V AIA A/V VVY 
AAO ARDY IL 
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XXKXXKXK KKK — AYY) 
YY) (vara _| XX’ 


ALID “WW 


DATA J 


tos 


ON dese 
VVV\/\) VALID ; 
OK oar) 


toy 


AYA 


RO DON’T CARE 
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KM44C4002A/AL/ALL/ASL : CMOS DRAM 


TIMING DIAGRAMS (Continued) 


STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE tap—- 
RAS Viq— . - trasc ; 
Vit— : . 
; tasr Ba 
+o XCREARNE worones HER comm oes UTD 
ied 2 
cs Viq— 4 
Vit— ae 
ee 
Ww IH— VVVYVVY VF vv VATA @ @AVATA'A'A' O'R" 
6 eo TT _/ \_ ADEN 
aaSeareel Bae) toeH 
—— Vin— va¥aVaVaVaVaVaVAVAVAVAVATAVATAY 
OF RRR a} | = 
HI loa 
RAC 
% ov v 9, A WAVY VV VV 
001004 Vio, — Rnoey eu YAK 20 FAK 0% KRY 
tcLz 


aon Vin— 
RAS ee 
t 
= Vip— . : tcsc 
cs Vit— 
tasr 
a | a oe 
= , OLUMN “¥ y COLUMN WY VV COLUMN WY\AAA/ 
DRESS ( AON. ADDRESS W0,6.0.64 


Vin \¥ ROW A / Cc VV\AA/V 
A vi- WA aobress ANA AooeS KX  xoonees 


= POO. || _AKKY 


twcrR 


S| 
< 


; taLw 
SRS scconcceommarannananal 


toHR 


ss ar a 

tos : 

Viol — #0" em. (YY ¥, YY vy, YY) W Daur : (YYY WD ; = xXYY VV 
DQs-DQ,4 v4! ANN II090,0.08) Y/\ | Pour NVA DOU PA AM 


WRITE f READ READ WRITE | 


RY DON’T CARE 
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KM44C4002A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
RAS-ONLY REFRESH CYCLE 


NOTE: W, OE = Don't Care ‘ies 
tras trp 
ee Vin— 
RAS Vic } 
cae 
i- Vip—- J/VUWAF¥ PAT 
cs Vir— WY YY 
ee 
Vip— ANAK AA) III VV AAA IVI 

vam QAR noone AX NNN RRR RRA) 
CS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, OE, A=Don’t Care 

tre 
trp tRAS trp. 
__. Viq— 
RAS Wire 
trpc 
tcsr 
= Vin YY YY KV XXX XY 
os ie ASSN 
torr 
DQ1-DQ,4 one OPEN 


wa DON’T CARE 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 


{CHR —— terp 
as ViH— ; 
Vii— 
: Vin— YF apa A} = 09 


vee 01 Ec ala AN ss AXE 
2 oa siee —_ Fe aren Mi RRR 
am 00000004000 1080 HAN ANUAANali 


torr 


: sj [poe trac ag 
OH— : 
DQ1-DQ, AY VALID DATA-OUT ) 
Vot— Wd ; 


HIDDEN REFRESH CYCLE (WRITE) 


ne tcrp a tcHR tcre 
cs trap 

vin— an i 
en) Ws a y = XXXAM AX AX AAP 

Vin— Le vaVa¥avava¥,y 
wo — ae —— XOXO Lace ine 
oe RORY I WRK XK ON AK) 
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KM44C4002A/AL/ALL/ASL = CMOS DRAM 


TIMING DIAGRAMS (Continued) 
CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


— tRAS - 3 tRP 
— Vip— 
RAS vis 
tosr | ae cle tcpt —1 pee ee ee TRGH ro | tore 
= Vie | —-- = —teg- ~~ --——+| et 
cs Ge | 
READ CYCLE tRAL + —4 taH 
A/T" Dealt A¥ A VAVAYAVAVAVAVAVAV.VAVAVAVAVAVAVAVAVAV.WAY 4 
wa ORK cotumnnaooness NY) 
ce oe ARNT er 
” ViL—- XXX .9,0,0.04 OAK XXX XA AY ; —{CAc a eee ‘ (X XX 
—-}4—tAaa . Pa IRCH 
bes Avi" ei Wa Va VAVAVAVAVAVAYATAVAVAVAVAVAV Vala AVAVA'AVAVAVATAY, SITY | toEA PRIVY VIVIAN VV 
FE IRA PSK 
r 
eae = ch on 
DaDQ,  YOH™ KY VALID DATA-OUT \— 
Vot— : WV 
WRITE CYCLE a tcaH 
71S al AV AY AYAVAVATAVATAVAW.VAVAU.TAVATAVAVAW.©. WLW ONY Y YY VV VV VV VV VY VV 
ac KX SORES DRAKA KKRKIR 
twcH _ 
— Vie— YO YYXXK YY XY VYVVYYYYYYV YY CYVIYUIV VV YY XVyVyyy y¥ PIV) 
—S SRSSSSESEESEREEN "RR EE 
eae’ Vip— VV VV YVVVYVVY Y Y VY VY VVVVY VW VV VA VV Y VV VV VV VIVVVY VX YX ¥ YVV VV VV VVVVJ/VY 
ie KORO ONAN SAND 
tos ia | 
sono, Yt orm tv on} 
READ-MODIFY-WRITE CYCLE tcAH 
Vig— TOTTI TU a “my, WOCOE O80 6.0:0.0'6'0'4: 
vn ROR cot aooness I RAXXYXXAXXAK 
’ ne ™? RYYRYYKAKAARY? 
7 IH— "IOVYYVVIUVVYY VV VET OTVYVUVY X ¥ V 
We SAX too AX YANY 
tcwL 
p~—-tRWL—— 
_ Vi— FIST VV PPP ee ee 
OE Views 
VOH— 
Pee overs 
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TIMING DIAGRAMS 6 continuea) 


TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 


ron Vig — 
RAS ese ; 
RPC 
top 
et tcsr 
fxs Vin oe 
Vi — 
= Vid — PIII AI Vr 
Ww XXX? 
1. — RORY 
torr 
Vou —~ 
DQ-Da ) 
oOo. ~ 


TEST MODE DESCRIPTION 


The KM44C4002 is the RAM organized 4,194,304 
words by 4 bit, it is internally organized 1,048,576 words 
by 16 bits. In “Test Mode”, data are written into 16 
sectors in parallel and retrieved the same way. 
Column address bit Ao, A1, are not used. If, upon read- 
ing, 16 bits are equal {all “1” or “O”s) the Q pin indi- 
cates a “1”. 

If they were not equal, the Q pin would indicate a “QO”. 


CMOS DRAM 


ia eae tac 
tre 


tour 


Oa 
Peay UAV AVAVAY, WAY, AT 
EE 


LLAVAALEVANDAAADALSN LVNZN 


OPEN 


ed DON'T CARE 


In “Test Mode”, the 16M DRAM can be tested as if it 


“were a 1Mx 4 DRAM. W, CS-BEFORE-RAS Cycle (Test 


Mode in Cycle) puts the device into “Test Mode”. And 
GS-BEFORE-RAS REFRESH CYCLE “or” RAS-only 
Refresh Cycle” puts it back into.‘‘Normal Mode”. The 
“Test Mode” function reduces test time (1/4 in cases 
of N test pattern). . 


«am 
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KM44C4002A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) | Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


295 (7.49) 
305 (7.75) 
0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 
0.340 (8.64) 
0.012 (0.30) 


0.008 (0.20) 


~— 


0.128 (3.25) 
0.145 (3.68) 


0.670 (17.02) i 
0.680 (17.27) 


C)} 0.004(0.1) 
. pore 
TYP 


0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(tI) (S00MIL, Forward and Reverse Type) 


0.03 (0.80) 


TYP 
: 


0.298 (7.57) _ 

0.302 (7.67) 

0.324(8.22) 
TYP 

0.359 (9.12) 

0.367 (9.32) 


: 


al& 
0.671 (17.04) = = 
0.679 (17.24) 6/3 
Slo 0.005 (0.13) 


0.008 (0.20) 


Bhoree) COAAAA IAA | 
= 0.048 (1.22) 0.012 oor020 30) oorzo)| , 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) B | 
0.024 (060) 
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KM44C4002A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


7 | 0.025(0.64) 
MIN 


0.430(10.90) 
0.445(11.30) 


0.380(9.65) 


0.400(10.16) 
0.360(9.10) 
: 0.008(0.20) 


= 


0.144(3.66) | 
MAX 


la 0.004(0.1) | 
0.050(1.27) 0.015(0.38) i | 0.026(0.66) 
TYP 0.021(0.53) 0.032(0.81) 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 


0.03 (0.80) 


a> 2) 
=|" 8\8 
a=) ee 
har hae Ar had 
3/8 8 | 
Qs tlt 
o/o ols 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


Afonso] © ig 
_ | 0.048 (1.22) 0.012 (0.30) | | ; 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 


0.016 (0.40) L | 
0.024 (0.60) 
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CMOS DRAM 


4M x4 Bit CMOS Dynamic RAM with Static Column Mode 


FEATURES 


¢ Performance range: - 


Petra | tone | 
KM44C4102A/AL/ALL/ASL-5 | sons | 13ns | 90ns | 
KM44C4102A/AL/ALL/ASL-6 | 6ons | 15ns | 110ns | 


KM44C4102A/AL/ALL/ASL-7 
KM44C4102A/AL/ALL/ASL-8 | adns | 20ns | 150ns | 


° Self Refresh Operation (LL-ver. only) 

« Static Column Mode operation 

¢ CS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

* Single+5.0V+ 10% power supply 

¢ 2048 cycies/32ms refresh (Normal) 

¢ 2048 cycles/128ms refresh (Low power & Self Ref.) 
* 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

¢ Available in plastic SOU and TSOP(II) 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks. 


<| al | 


Refresh Timer 


pew 
=- 


Ao~Aio 


Vcc 
; Vss 
VBB Generator 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM44C4102A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44C4102A/AL/ALL/ASL features Static Column 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C4102A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Data in 
Buffer 


Q 
08 DQi 
Memory Array Q to 
4,194,304x4 & B DQ 
Cells | o 
n 
c 
o 
oa 
OE 
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KM44C4102A/AL/ALL/ASL CMOS DRAM 


PIN CONFIGURATION (top views) 


* KM44C4102 AJ/ALJ/ALLJ/ASLJ = - KM44C4102 AT/ALT/ALLT/ASLT + KM44C4102 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 


Vss 
DQ4 
DQ3 


J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL . S: 300MIL(Forward) SR : 300MIL(Reverse) 


Data In/Out 
Ground 
Row Address Strobe 
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KM44C4102A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


eo 
Voltage on Any Pin Relative to Vss | vn,Voor | ttos70—=—| ll 
Voltage on Vcc Supply Relative to Vss 
a 
F Short Circuit Output Curent «Ss YS SC*dYCSm Cd 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


ener Tomas [on Tne mn ot 
ACerS RE a 
ipitiswvategs | ww | ae [=| om | v | 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 


Parameter 


° 


KM44C4102A/AL/ALL/ASL-5 

Operating Current* KM44C4102A/AL/ALL/ASL-6 
(RAS and CS Cycling @trc=min. ) KM44C4102A/AL/ALL/ASL-7 
KM44C4102A/AL/ALL/ASL-8 


KM44C4102A 
Standby Current KM44C4102AL 
(RAS=CS=W=Vix ) KM44C4102ALL 

KM44C4102ASL 


KM44C4102A/AL/ALL/ASL-5 
RAS-Only Refresh Current* KM44C4102A/AL/ALL/ASL-6 
(CS=Vin, RAS Cycling @trc=min.) KM44C4102A/AL/ALL/ASL-7 
KM44C4102A/AL/ALL/ASL-8 


KM44C4102A/AL/ALL/ASL-5 
Fast Page Mode Current* KM44C4102A/AL/ALL/ASL-6 


(RAS=Vit, CS, Address Cycling @trc=min,) KM44C4102A/AL/ALL/ASL-7 
KM44C4102A/AL/ALL/ASL-8 


| KM44C4102A 

Standby Current KM44C4102AL 

(RAS=CS=W=Vcc-0.2V) KM44C4102ALL 
KM44C4102ASL 


KM44C4102A/AL/ALL/ASL-5 
CS-Before-RAS Refresh Current* . KM44C4102A/AL/ALL/ASL-6 
(RAS and CS Cycling @trc=min.) KM44C4102A/AL/ALL/ASL-7 

KM44C4102A/AL/ALL/ASL-8 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vcc-0.2V 
Input Low Voltage(ViL)=0.2V CS=CS-Before-RAS 

Cycling or 0.2V DQ1~DQ4=Don't Care tac=62.5us(L-Ver) 
125¢s(SL-Ver), tras=tras min~300ns 


am | oe 
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KM44C4102A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 
RAS=CS=0.2V 
Input Leakage Current 40 
(Any input O0<Vin <Vcc+0.5y, all other pins not under test=0 volts.) 


a ee a) 
W=OE=Ao-A1o=Vcc-0.2V or 0.2V 

Output Leakage Current . = 

(Data out is disabled, OV<VouT<5.5V) om a 


Self Refresh Current 

KM44C4102ALL Iccs 
DQi1-DQ4=Vcc-0.2V, 0.2V or Open 
Output High Voltage Level (lo#=-5mA) 


Output Low Voltage Level (lo.=4.2mA) 


*NOTE: Icct, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icc4, Address can be changed maximum once within one Static Column cycle. 


CAPACITANCE (1a=25°c) 


ee 


| rput Cepactance(Oa-0ay Sion 


AC CHARACTERISTICS o°c<ta<70°C, Vec=5.0V+10%, See notes 1,2) 


a Pet al a mm 


Random read or write cycle time Fito] sf 130/150 | 150{ 

Read-modify-write cycle time Eee 
Access time from RAS | trac | | 50 | | a0] ns | 3,411 | 
Access time from CS ~ 20 | ons | 3,45 | 
|ns | 3 


Access time from column address 
CS to output in Low-Z 
Output buffer turn-off delay 


ae 


Transition time (rise and fall) 


RAS precharge time 
RAS pulse width 
RAS hold time 
CS hold time 
CS pulse width 


RAS toCSdelaytime — 


RAS to column address delay time 


o o os = o> 
n nm fo) 


oo 
QO 
wn 


n n 


3 |g |z sf 
2Sif 13 n 
wv 10 |O =x 
— |R | — — fon | ow 
nlo }ao wlo!]o | w 


CS to RAS precharge time 


— —_ 
oO i=) 
Qo f=] 
woloe So oto nm lo 
N | O oO ao |on nn |o 
— |r | — — 
Nin jlo yn on wo 
— — 
= = 
Qo Qo 
wlrt |o fa} on | wo la 
ao; | oO Oo o};}n ao ;n 
= nm lw Nila 
— — 
= 2 
fan] oa 
ao; |o f=) nto wo lmin 
ajo |o Oo So on;po;o 


— |r [PO No 
arn! o;}o Oo 


— st 

= = 

=) a) 
a 2 con) olny 
i) rs) ras) o}]5 


Dd is 
non |W 


Row address set-up time 


PSimsuNgg = 
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KM44C4102A/AL/ALL/ASL CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Column address set-up time 

Column address hold time 

Column address hold time referenced to RAS 
Read command set-up time 

Read command hold time referenced to CS 
Read command hold time referenced to RAS 
Write command hold time 

Write command hold time referenced to RAS 
Write command pulse width 

Write command to RAS lead time 

Write command to CS lead time 

Dataset-up time 

Data hold time 

Data hold time referenced to RAS 


Refresh period (Normal) 


Refresh period (Low power & Self Ref.) t 


a a ee 
a(S (2/8 
ja] x= 


wD 
m 
bs | 


Refresh period (Super Low power) 


os 
mo] 
ale 


Write command set-up time 

CS to W delay time 

RAS to W delay time 

Column address to W delay time 

CS set-up time (CS-before-RAS refresh) 
CS hold time (CS-before-RAS refresh) 
RAS to CS precharge time 


Ss 
= 
S 


SIF |x 
ae 


S 
x 
Se) 


giz 
43/138 


CS precharge time (C-B-R counter test cycle) 


os 
Lee. 
oO 


Static column mode cycle time 

Static column mode read-write cycle time 
Access time from last write 

Output data hold time from column address 
Output data enable time from W 

RAS pulse width (Static column mode) 

CS pulse width (Static column mode) 

CS precharge time (Static column mode) , 


Last write to column address delay time 


Last write to column address hold time 
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AC CHARACTERISTICS rortnues) 


etal 
ml io} 
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Write command set-up time (Test mode in) 


Notes 


: 


: Nh 


’ 
ye) 
(>) 
2 =~ 


ot os s 


Write command hold time (Test mode in) 


ola — |= |r — 
© o}o |o So 


Wto RAS precharge time (C-B-R refresh) twre 
W to RAS hold time (C-B-R refresh) 
RAS pulse width (C-B-R self refresh) tRASS 


RAS pepe time A B-R self refresh) 


cae 
TEST MODE CYCLE 


A —_ 
oa 

oO };O 
a | 
on on 


3 | 
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ee eee 
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ELECTRONICS 


KM44C4102A/AL/ALL/ASL 


CMOS DRAM 


NOTES 


1 


fo>) 


. An initial pause of 200s is required after. power-up 


followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. ViH(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF. 


. Operation within the trco(max) limit insures that 


tRac(max) can be met. tRcp(max) is specified as a 
reference point only. If tacb is greater than the 
specified trco(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that trcbp >trcb (max). 
. tar, twcr, tbHR are referenced. to traD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VoH or VOL. 


. twcs, trwDd, tcwbd and taAwpd are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), trwD> 
tRwo(min) and tawD>tawp(min), then the cycle is a 


10. 


11 


12. 
13. 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data output is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. __ 

These parameters are referenced to the CS leading 
edge in early write cycles and to the W leading 
edge in read-write cycles. 


. Operation within the trap(max) limit insures that 


tRAc(max) can be met. tRap(max) is specified as a 
reference point only. If trap is greater than the 
specified tRap(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 


.cycles by adding the above value to the specified 


value in this data sheet. 

torF(max) and toEz(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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KM44C4102A/AL/ALL/ASL a CMOS DRAM 


TIMING DIAGRAMS 


READ CYCLE 
tac 
trp 
b= Vin— 
RAS Vit— eae 
pat ViH— 
cs Vi= 


hes ; ima 

r__ tar 
Seo sa pics ban [rece 

Vin— RAYOVYVO ROW ¥,\ V 

Re) eS, CT a 
: a = 

=", | 


7 Vin— SERA IIIRARIOKAYS VAvVAVsTAVAVAVATAAVAVAVAYAVAVLY, 

W va SS | 1 | RAYA 
ae 

ans Vip— WaVaat Wav. V.VaValaVAaVaVaVAVAala ATaVAVaVAalatalaval, aVaVaVaVaVAa alaVa aVaVAlaAlAVAVAVATAVAYATAVAVAAVAVAV, 

FF RRA BY 


tcac torr 
a ee 
VoH— CA A) 
DQy-DQ AX XXX VALID DATA 
: : VoL— MW 


fe tceLz 


KY] DON’T CARE 


ELECTRONICS 


KM44C4102A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY WRITE) 


RAS 


Ga Vin— tcs / 
Vit— t~=— tRAD 


—- JYVVV anes VY VJ VVVVV VV/VV 
mn SERRA) ST XY) 


ae 
Vin— FOOT II IID TITITIK AK AAN TUNA NARTNARAAR AAT 
I 08000,0010000,0,0, BRR 


w f\ 
twcorR 
tCWL 
ae Vip— YYVYVVYVVVVVVVYYVYVY Y YWVYYVYVYVV A AA A AVY AYA A VWYVYVYWVY¥VVYVYVWYYV 
OF ie SOY YY AYA AAA RYH RRR 
Daya, { vaLio DaTAAN } OPEN 


WRITE CYCLE (OE CONTROLLED WRITE) 


a tRAS trp 


iene tcsH 
trcp tRSH el tcrp 


tCAH 


RAS 


VIR— YYXYKKKKKAY ROW VAWKAAXY) COLUMN = “KAYAKAMAAAKAK MA 
A vu— AXXYY { sponess) MN eas UNI OAK) 
|_| 


el 
WYK KKK XKKXXKKXKKX YN 


a “A B's" IYVVY YUVA KK KX) 
Ww AY 
toeH 
OE MlaN'1'00.0,0,0.0.,9,0.0.0.0.0.0.0.9 AAA AAA AAAAAA AX AAAY XXX 
OE Vit— YOOX XK XX AY \X XX OOOO OOO XXX KX XX XK () {XYy 
tbH 
Vin— ITS : means 0.004°6'6.6,0,0,0,9,9, 
povoa yt YR, cura _AXXMAXAXAXXAAXKOKXAAAXAX 


‘ [I DON'T CARE. 
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CMOS DRAM 


KM44C4102A/AL/ALL/ASL 


TIMING DIAGRAMS continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 


RAS 


=| 


DQ 7-DQ4 


tRwc : 
tRAS i 
Vin— tRAL: 
Vii— 
oe an tes 
a trop + - Sey — 
Vip— XXXYK) — tcs | 
Vit— XXX ; trap 
. eal tRAH pean tCAH 
vn AK aooness YX oLUMN ADDRess DRY) 
t —_| t —| 
p—-—}-— ee ae = + aa reas 
Vin— "A'S OOO OA A AVAVAVAA’, — twp | XK YX YXXK 
1 ROR Lp AXA 
toEA 
Vip— VY V/V/V AA/V YVYVVVV YW : Kx YAY XY 
BNI NN lA 
bh mae : toez tbH | | 

ViiOH — | o4 ’ YIVVVVYVA/VVARX) 
ee TUN ont our AX, _onrain DKK SARIN 


STATIC COLUMN MODE READ CYCLE 


RAS 


S| 


DQ1-DQ4 


Vip— 
Vit— 


ViH— 


Vit— 


ViH— 
Vii 


ViH— 
Vit— 


ViK— 
Vit— 


tasR 
\/¥ 
XY) 


—tRAD 


fags * — 5 SE 


trasc 


tRap—— 


‘WN 


--taR 


VAY AY VY" 
RK 


aw. 


a 


VYAAAVAASY\ AA/AAA/DAAAAA/ 
NM llatalatatayy 


RLAAL 


Seer tcsc 


KLALAA 


trac 


ae AY, 
WF VALID 
WW DATA ¥ 


tcLz 


a | 
A/ , 

{) ROW () COLUMN COLUMN 
WYN ADDRESS A appress JAN _aporess AA 


| os 
COLUMN MYX 
ADDRESS y Wi 


taH 


tcrep-—} 
t—-— top| — tRSH 
Sa ae tRRH 
KXX UV A/\/ 
ORK. 
tROH—- 
\ANYYV . BY YYYYYVYVY XXX Y 
RR AYA OAXS 
toeA toEez 
al toFF 
tcac 


VALID} 
DATA 
tc 


LZ 


Me VALID} 
DATA 
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KM44C4102A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS Continued) | _ 
STATIC COLUMN MODE WRITE CYCLE (W controlled early write) 


tRasc at trp 
RAS ig 
IL— 
tech tRaH se tasc ieae tCAH eae 

Vin— YY) ROW VAXX\y Foo YX COLUMN WKYY)Y COLUMN MAX XXXXKX XXX) 

A vi SOM aobress MRK AOORESS KKM RODBEeS KAN coun, ARMAND 
tawrR tcp | tASH 
trp tasc eel Le 1 trp 
__ Vip— ‘ tesco Ay YN YY | nn PYYY KKYKKX KK KKK) 
ee Vi— AK KX AXKXKXS PX 
Ww. 
etn ly Vin— WAAA//\A/A/AA/AAASV/VYA/Y YY YYYYYVVYVXKYY KY YYYVYVYVYYVYYYYAYWWWVWYVWVY \AA/V\/ 
OE Vin SRR IR KK KK LI 
VYAAAAAA AANA AAA) V/V/N 

ParD i SY) 1" 


STATIC COLUMN MODE WRITE CYCLE (CS controlled early write) 


tap 
tRASC _—| | 
ene Viq— 
RAS Wee 
tasR— tCAH tCAH TRAL 
NSN OD 
. vii— ACY YA ADDRESS JAY YX ADDRESS JY YX ADDRESS AX XX A appress AXKYYXYXX) 
aa [——tcp——| }—- tasH pees 
a Vip— tcsc 
= vim ‘cas 
UI tse ee ~ tow 
two WI wi 
’ Vit— ail mM (YS AY) _| 
= Vin— WHIT IT OVI TVA AAAA AAT IANAAAAARAARARAN AAA RARKARAAAN 
FE AAR SYA AL 
} 
tDH | tos toy 
Vin— XXX XK XV “XY — YY x) pe XXX pty ASYXYYXKYX XY XX 
porno, vr SY bate SRY Bate DRY Bara NOVY 


RY DON’T CARE 


687 


leer 


ELECTRONICS 


KM44C4102A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE 


trasc 


RAS Vin~ ‘ Y 


Viir— 


SR 


=| 


Vit— = 4 
toeH twp 
Vit 9.6,0.4,8 


small: clei: = 


OE Vin— XXX 


trp —: 


ta 
= ee 
Vin— Y¥VV\F Row WAYYG AMA WYVYVYYY 
+ 1ro RRBXEERERRE corn cones ERIN coun cones ERNE 


cs Vin— || 
iis Vit— iN Td 
t 
~ hee 
~— RN HT Ey AD 
nae a 


tcrp 


AMA 


AA AL AAA\)AA/ 
YY 


sos t= sy ee Wveot ext 
1Q;-DQ4 Viiot — lanl ea A Ky 4a \A 


soa Vin 
RAS Vit— 
tcp 

wan Vin tesc aes 
cs Vir— | | 

Viq— YViA) VV AAA! 
A vu Lmooress VA xpress YAK) 

Vin t—— twp my 
Ww . Vir— tcac ha AXXY) 

toep 
= Viq— aes aie | eee ea PRIVY VVVAANYVVV 
OE vit— XAXKAA 09.0.9.9.0.0,0.6.0.6.0.0.0,0.0,050.0. XXXXXXAI BAA SAMA A 
tewz 
toez 
ed ane 0 
taa AOH tos 
VuioL — aco TAVAV,VAVAVAVAVAVAY 0 VV VIV\A/ 
5 D \ Ag . Akg ? 
Sms mn GRCTIIND 0000004) 4 ARM A Cc) E10 
WRITE READ READ WRITE 


RY DON’T CARE 
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KM44C4102A/AL/ALL/ASL | CMOS DRAM 


TIMING DIAGRAMS (Continuec) 
RAS-ONLY REFRESH CYCLE 


NOTE: W, OE = Don’t Care tro 
[eo eae tRAS trp 
en Viq— 
RAS Viit— fi 
tcrp trec 
= Vin— in 10", MAX XY 
cs Vii— Wi Wi : , wy 
a ea 
Vip— VV, p—L KY’ VV VV ‘Y XXX Y, 
» vn — SORRY acoress OO SARNAN ARRAN RRA KKK 


CS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, OE, A=Don’t Care 


PAS Ya 
a he ARO, 


Na DON’T CARE 


BS aesegae.” 
rims ELECTRONICS 7 . 


KM44C4102A/AL/ALL/ASL | CMOS DRAM 


TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 


tre tre 
— tras trp p> tras tre 
Vip— 
RAS 
Vit— 
a -— tcHR -tcRP-———=4 
a Vin— 
ES 1H 
Vit— 


tasr 


ViH— VYY¥ "a! 2'86'2'8'S 0 UA'A'D ATA'ATATA'A'S © 0'8'4'A', 
«i AAI, coum aooness XO XNCAXALRXKRKAMANXY) 


ine els Bi e A' A's BAYADA A's B'ATATD' 
SOOO) RAO OA) 
= RR TR 


Vir— ae 
torr 


jm | toez 
=~ trac 


ues ang 
DQy-DQ4 i) VALID DATA- ) 
Tee ( + L A-OUT 


vit— tasc 
tasr 
ViH— OY Val, 70 
XX) ¢ 
{\ 


OY row TELaaeauedenceeuaaeaaates = 
«UA oo ON ANNONINNNNliNNNtty 


A oneees MAY) 
IH—~ X¥XXYYYXAXKYXY WYYX) IY VUVY ¥ Olea’ h O'S BAAR 0 O'A'R'O'e O'S a AATAT TATAYAVAY 
TE = YORK 


Vvit— 


Z| 


FF AXON OOOO OO 


*tDHR 


DQ1-DQ4 
ov 
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KM4404102A/AL/ALL/ASL 


CMOS DRAM 


TIMING DIAGRAMS continued) 


CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


tras —j| t~— trp 
ane Vin— 
Vit— . 
es | -~tCHR tcpt -—-tRSH 41 | tore 
=—_ Viq— | | - a oes | 
cs Vii- } 
READ CYCLE tRAL oo TAH 
AT" Deltv ava VaVaaaVavavava¥sVaValavaVavavalaval,Wal, 2 "1 
* vi OOK ctu aonness BY) 
tres ; tRCH 
cee Vit— ONY VV VV AW ANY VV VV AIA 
Wem ARORA || cae p om | RRR 
AA RCH 
_ ATT ren aVaVaVAVAVAVAVATA’AYAVAVAVAVAV.VA"A AV AVA'AVAVAVAY v.Va¥aava¥, Wi toEA AIT YUVA VV 
OE NRK ARR RROD” ESAAXX ARSENY 
mail 
VouH— ¢ L 
DQ1-DQ4, ~ em UK VALID DATA-OUT h 
WRITE CYCLE tase [toad 
Vin— VV VVVVVYVSVVV/ VVVV\VAAA/ CIVMVASVY VV VV VWYAVVVVVV NASA 
A Vem RRR ReoRESS OKRA KKK KK 
twcs twcH 
ViH— RIOOVY AV AAA AVAVAVAVAVAVAYATAVAVAVAY ONIITTIIVVVYYXYYVYYVYYVVY Wa VAVAVAVAVaY) 
Tv OARS ARYA AAR KX EKRXNAR 
— Vip— "WIVYVVVVUVYVVY ¥ YY VY YVVV YY OI VOV YP OVO YY YVV/V VV VVV\VA/V 
OE vi LRA KX XX AXX AXA NIKKI K KALI RK CK KIA AXE ANOKA A 
tDH + 
DQ1-DQ4 a OPEN (vation oatain 
READ-MODIFY-WRITE CYCLE aa toni 
TAs’ A‘ AA’ Ath 2''A' D'S 2 O's’ y, OIYKY KR XKXXKK KY 
» vn SOON SSS 
tres 
_ Vin— "FOV RV VVYVUVYYVY YY VV IN 9°9'4'0'0'8'4,0,6,0,0.04, 
Wve SONY see ee 
tawD 
| 
__ Vip— WVVYVY YY YY "Alaa A’ AYA'A Sa A’ IVY j 
EE UO NONIN EL / 2 
—taa 
teiz eo 
VuioH— (YY DATA DATA 
POSES “Mots YA N 


Nan DON’T CARE 


renin 
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KM44C4102A/AL/ALL/ASL 


TIMING DIAGRAMS (ontinuea) 


. TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 


ia Vin — 
RAS 
Vi 
tapc 
cs Vin 
; Vl 
ae View — AAI 
W COCCCCC EY 
ME CORCCOOCUCES 
torr 
: Vou — ° 
DQ,-DQ, N 
Vo. 7 


TEST MODE DESCRIPTION 


The KM44C4102 is the RAM organized 4,194,304 
_ words by 4 bit, it is internally organized 1,048,576 words 
by 16 bits. In “Test Mode”, data are written into 16 
sectors in parallel and retrieved the same way. 
Column address bit Ao, Ai, are not used. If, upon read- 
ing, 16 bits are equal (all “1” or “Q”s) the Q pin indi- 
cates a “1”. 
If they were not equal, the Q pin would indicate a ‘‘0”. 


CMOS DRAM 


tre 


trp 
tras 


tour AVAVAVAY, 


OAV AAW YYY Y VY Y 
SOT 


LDADALS L\ AV AN AV AA 


OPEN 


We DON'T CARE 


In “Test Mode”, the 16M DRAM can be tested as if it 
were a 1Mx 4 DRAM. W, CS-BEFORE-RAS Cycle (Test 
Mode in Cycle) puts the device into “Test Mode”. And 
GS-BEFORE-RAS REFRESH CYCLE “or” RAS-only 
Refresh Cycle” puts it back into “Normal Mode”. The 
“Test Mode” function reduces test time (1/4 in cases 
of N test pattern). 
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KM44C4102A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
: MIN 


0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 
0.340 (8.64) 
0.008 (0.20) 
0.012 (0.30) 


0.670 (17.02) a | 0.128 (3.25) 
0.680 (17.27) 0.145 (3.68) 


| 0.026(0.66) | 
0.032(0.81) 
0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(Il) (300MIL, Forward and Reverse Type) 


a 0.004(0.1) 


0.050(1.27) | 0.015(0.38) 
TYP | 0.021(0.53) 


0.03 (0.80) 
TYP 


0.298 (7.57) 
0.302 (7.67) 
0.359 (9.12) 
0.367 (9.32) 


0.324(8.22) 


0.671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
- 0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


Toe el a ee 
[OJ 0.003 (0.08) 


_ | ar 22) oid) | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) | Bi 
0.024 (060) 
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KM44C4102A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (rrulimeters) 


_ 0.025(0.64) 
MIN 


= alt= BIS 
2 C18 B18 
. B/O SI5 a 
5 S19 slp O 
oO alo Q|Y% =. 
= ek 
) onie} 2 
oO * S| 
0.144(3.66) | 
MAX : 


la 0.004(0.1) 


0.050(1.27) : 


015(0.38) al 0.026(0.66) 
021(0.53) 0.032(0.81) 


TYP 
; 0.050(1.27) 
[MAX 
24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 
0.03 (0.80) 
TYP 


0.398 (10.11) 
0.402 (10.21) 


0.723 (18.36) 
0.727 (18.46) 


0.047 (1.20) 


' 0.459 (11.66) 
0.467 (11.86) 


0.039 (1.0) 


0.005 (0.13) 
0.008 (0.20) 


IG] 9.003 (0.08) 


0.037 (0.95) 
TYP 


0.016 (0.40) a 4 
0.024 (0.60) 
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KM44C4003A/AL/ALL/ASL 


CMOS DRAM 


4M x4 Bit CMOS Quad CAS DRAM with Fast Page Mode 


FEATURES 


- Performance range: 


KM44C4003A/AL/ALL/ASL-5 
KM44C4003A/AL/ALL/ASL-6 


"sins | em | Tn 
etre [20m | 0 


* Fast Page Mode operation 

¢ Self Refresh Operation (LL-ver. only) 

+ Four separate CAS pins provide for separate I/O 
operation 

- CAS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

* Single+5.0V+ 10% power supply 

* 4096 cycles/64ms refresh (Normal) 

¢ 4096 cycles/128ms refresh (Low power & Self Ref.) 

* 4096 cycles/256ms refresh (Super Low power) 

¢ JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(II) 


KM44C4003A/AL/ALL/ASL-7 
KM44C4003A/AL/ALL/ASL-8 


FUNCTIONAL BLOCK DIAGRAM 


RAS 
CAS1-CASa4 


Control 
Clocks 


WwW 


GENERAL DESCRIPTION 


The Samsung KM44C4003A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44C4003A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible and four 
separate CAS pins provide for separate I/O operation 
allowing this device to operate in parity mode. 


The KM44C4003A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vcc 
Vss 


Ves Generator 


Refresh Timer 


Refresh Control 


Refresh Counter 
Row Address Buffer 
Col. Address Buffer 


AQ~A11 


AO~A9 


Column Decoder 


‘Memory Array 
4,194,304 . 4 
Cells 


Sense Amps & IO 


Data out 
Buffer 


Priusunsg 
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KM44C4003A/AL/ALL/ASL 


CMOS DRAM 
PIN CONFIGURATION (top Views) 


+ KM44C4003 AJ/ALJ/ALLJ/ASLJ * KM44C4003 AT/ALT/ALLT/ASLT +» KM44C4003 ATR/ALTR/ALLTR/ASLTR 


J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 


Address Inputs 


Data In/Out 
Ground 


ries | Gro 

RAS | Row accross Sabo | 
POE | bata Output Ena | 
vee Powers 


ELECTRONICS 


KM44C4003A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


ee ee 
Voltage on Any Pin Relative to Vss -1 to + 7.0 ae 
Vcc -1to + 7.0 


-55 to + 150 


Voltage on Vcc Supply Relative to Vss © 


Storage Temperature — 


Power Dissipation 
Short Circuit Output Current 


* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. . 


RECOMMENDED OPERATING CONDITIONS — referenced to Vss, Ta=0 to 70°C) 


Supply Voltage 


Ground 


Input High Voltage 


Input Low Voltage 


Parameter 


KM44C4003A/AL/ALL/ASL-5 
Operating Current* KM44C4003A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min.) KM44C4003A/AL/ALL/ASL-7 

KM44C4003A/AL/ALL/ASL-8 


KM44C4003A 
Standby Current KM44C4003AL 
(RAS=CAS=W=ViH) KM44C4003ALL 
KM44C4003ASL 


KM44C4003A/AL/ALL/ASL-5 
RAS-Only Refresh Current* KM44C4003A/AL/ALL/ASL-6 


(CAS=Vin, RAS Cycling @trc=min.) KM44C4003A/AL/ALL/ASL-7 
KM44C4003A/AL/ALL/ASL-8 


‘ KM44C4003A/AL/ALL/ASL-5 

Fast Page Mode Current* KM44C4003A/AL/ALL/ASL-6 
(RAS=ViL, CAS, Address Cycling @tpc=min.) KM44C4003A/AL/ALL/ASL-7 
KM44C4003A/AL/ALL/ASL-8 


KM44C4003A 
Standby Current KM44C4003AL 
(RAS=CAS=W=Vcc-0.2V) KM44C4003ALL 

KM44C4003ASL 


KM44C4003A/AL/ALL/ASL-5 
CAS-Before-RAS Refresh Current* KM44C4003A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min.) KM44C4003A/AL/ALL/ASL-7 
, KM44C4003A/AL/ALL/ASL-8 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vcc-0.2V 
Input Low Voltage(ViL}=0.2V CAS=CAS-Before-RAS 
Cycling or 0.2V DQ1~DQ4=Don't Care tac=31.25s(L-Ver) 
62.5s(SL-Ver.), tras=tras < min~300ns 
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DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 


Self Refresh Current 
| RAS=CAS=0.2V 
W=OE=Ao-A11=Vcc-0.2V or 0.2V 

DQ1-DQ4=Vcc-0.2V, 0.2V or Open 


Input Leakage Current 
(Any input 0<Vin <Vcc+0.5yV, all other pins not under test=0 volts.) 


KM44C4003ALL 


Output Leakage Current 
(Data out is disabled, OV < Vout < Vcc) 


Output High Voltage Level (loH=-5mA) 


Output Low Voltage Level (loL=4.2mA) 


“NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25°c, Vec=5V, f=1MHz) 


Input Capacitance (Ao~A11) 


_ Input Capacitance (RAS, CAS, W, OE) 
Input Capacitance (DQ1~DQ4) 


AC CHARACTERISTICS (o°c<ta<70°C, Vcc=5.0V+0.5V, See notes 1,2) 


ase 


Random read or write cycle time tRC 


Read-modify-write cycle time 


Access time from RAS 


Access time from CAS 


Access time from column address 


CAS to output in Low-Z 


Output buffer turn-off delay 


20 of 20 ns |i 
50 


Transition time (rise and fall) 


RAS precharge time 
RAS pulse width 
RAS hold time 
CAS hold time 
CAS pulse width 
RAS to CAS delay time 

RAS to column address delay time 
CAS to RAS precharge time 


Row address set-up time 
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AC CHARACTERISTICS (Continued) 


Row address hold time 

Column address set-up time 

Column address hold time 

Column address hold time referenced to RAS 
Column address to RAS lead time 

Read command set-up time 

Read command hold time referenced to CAS 
Read command hold time referenced to RAS 
Write command hold time 

Write command hold time referenced to RAS 
Write command pulse width 


Write command to RAS lead time 


Write command to CAS lead time 
Data set-up time 

Data hold time 

Data hold time referenced to RAS 
Refresh period (Normal) 

Refresh period (Low power & Self Ref.) 
Refresh period (Super Low power) 
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Write command set-up time twcs ae ee 
CAS to W delay time - towD | 36j | ao{ {so} ~~ 50 | 
RAS to W delay time two | at | 5] | too | 10 | 
Column address to W delay time tAWwD | as] | 55° 65 70 ns 
CAS set-up time (CAS-before-RAS refresh) tcsR ! wo} = Eto] | 40 10 ns 
-| CAS hold time (CAS-before-RAS refresh) tcHR | 10 10 15 15 ns 18 
RAS to CAS precharge time trpec | 5 5 5 5 ns 
CAS precharge time (C-B-R counter test cycle) | tor | 20/ | 20] | 301 30 lns]| | 
Access time from CAS precharge tCPA | | aol fs] | aot 45] ns 3,19 
Fast Page mode cycle time | tec | 35] | 4o; | 4 50 ns 20 
Fast Page mode read-modify-write cycle time | terwo| 76{ | 85. 100 105 
CAS precharge time (Fast Page mode) tcp 10 | | aol | 40 10 
RAS pulse width(Fast Page mode) tRASP 200000 60 | 200000] 70 | 200000) 20 | 200000 | ns 
RAS hold time from CAS precharge tRHCP 35 40 | 45 ns 
OE access time _ | toca | | | 15 20 20] ns 
OE to data delay } tooo | 13) | 15{ | 204 20 ns 23 
Output buffer turn off delay time from OE tOEZ | 45] 0 15 0. 20 0 20| ns | 
OE command hold time F ton | 13] | 48] 20 20 ns 
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AC CHARACTERISTICS (continuec) 


Parameter Symbol Units 

10 || 

10 

W to RAS precharge time (C-B-R refresh) 

W to RAS hold time (C-B-R refresh) 

RAS pulse width (C-B-R seif refresh) 

CAS hold time (C-B-R self refresh) 
tcLc 


Hold time CAS low to CAS high 


_— 
oO 


— | 
Qa ;oO 
= 
a 


— 
ww 
oO 


' — S 
on — = =? 
oO;}o ]o j=) oO 


& 

5S 

8 

—t 
ray 
So 
> 
° 
o 


= 
wn 
— fase fe 
aio lan 


|_ 90) 
[6 


ch 
alo 


= | 
, alo; 
or oOo 1Oo!1o 


H 


TEST MODE CYCLE | Pee 
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Random read or write cycle time 
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Read-modify-write cycle time 


_ 

i=) 

2S |. 

ao ;/WMQ I/O] 
oO TO |,o to 


| Max | [Min| Max | win ‘ 

ee ame 

|_| el 
Access time from RAS tRAC = | 
Access time from CAS | | hee 
Access time from column address | | | 
RAS pulse width 40,000 | | 
CAS pulse width 18 |: 10,000 10,000 10,000 10,000 lines | 
RAS hold time i8| | 20 = 25 |]. tens | | 
CAS hold time 55 -— 65 75 HE} 2) — 
Column address to RAS lead time 30 35 40 45 l/s | | 
CAS to W delay time 4 | | as 55 55 | | ons | 8 
RAS to W delay time || | of 105 | ft] fs | 
Column address to W delay time tawo | 33 | 60 || | mi | nmsi] es | 
Fast Page mode cycle time tPc Pe} 2} —} Bs 
Fast Page mode read-modify-write cycle time tprwc| 81 | 90[ [tos] | 110 | of ns | | 
RAS pulse width (Fast Page Mode) tras | 55 | 200,000] 65 200,000 75 | 200,000] 85 | 200,000] ns | 
Access time from CAS precharge {CPA 35 | ao] =| ast | sf ns | 8 | 
OE access tine ter | | ef | ao} | el | st ws | 
OE to data deta woo | vo] | ao] sft sts | 
OE command hol tine ds 
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NOTES 


1. 


NO 


10. 


An initial pause of 200s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. Vik(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF. 


. Operation within the trcp(max) limit insures that 


trRac(max) can be met. tRcp(max) is specified as a 
reference point only. If tRcp is greater than the 


specified tRcp(max) limit, then access time is . 


controlled exclusively by tcac. 


. Assumes that tRcD >tRcb (max). 
. tar, twcr, tbHR are referenced to tRAD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to Vou or VoL. 


. twos, tRwD, tcwo and tawp are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), tawo> 
trwo(min) and tawp >tawp(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 


11. 


12. 
13. 


14. 


15. 


Operation within the trap(max) limit insures that 
trac(max) can be met. trap(max) is specified as a 
reference point only. If tRaD is greater than the 
specified tRaD(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

toFF(max) and toEz(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 


. In order to hold the address latched by the first 


CAS going low. the parameter tcLcH must be met. 


. The first CASx edge to transition low. 
. The last CASx edge to transition high. 
. Output parameter is referenced to corresponding 


CASx input. 


. Last rising CASx edge to next cycie's last rising 


CASx edge. 


. Last rising CASx edge to first falling CAS edge. 
. First DQx controlled by the first CASx to go low. 
. Last DQx controlled by the last CASx to go high. 
. Each CASx must meet minimum pulse width. 

. Last CASx to go low. 
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TIMING DIAGRAM 
READ CYCLE 
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TIMING DIAGRAM (continued) 
WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAM (Continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 


CAS, 


DQ; ~DQ4 
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TIMING DIAGRAM (Continued) 
READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAM (Continued) 
FAST PAGE MODE READ CYCLE 


trasp trp 
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TIMING DIAGRAM continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


RAS 


CAS3 


al 


Psimsungg 


Vi 


Vit — 


Vin — 


Vit — 


Vin — 
Vit — 


Viq — 


Vit — 


Vin 
Vit — 


trasP- trp 
taR tRHCP 


tcrp ; ' 
RCD RSH 
|__| 
oy 
y ee - i: “ oS - 


5 is 
VY¥F toas tcas 
tcas 
I tcAH 


= IE aa 
taSR = 
COLUMN ee xX) 


A) Au 


MEIOX =a sons 
ne 


neem 
ee ee 


= — + 


ee 
LM oxi HOES yy (38 YOK KAX 


nae mae 


on KX Fae KON 
YOK Pe OC: an B Comino 


- KKK COON COKER KEK 


we Don't Care 


707 


ELECTRONICS 


KM44C4003A/AL/ALL/ASL GMOS DRAM 


TIMING DIAGRAM (Continued) 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (continued) 


RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 
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CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, OE, A=Don’t Care 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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TIMING DIAGRAMS 6(continueg) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 
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PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 
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CMOS DRAM 


4M x4 Bit CMOS Quad CAS DRAM with Fast Page Mode 


FEATURES 


¢ Performance range: 


KM44C4103A/AL/ALL/ASL-5 


KM44C4103A/AL/ALL/ASL-6 | 60ns | 16ns | 110ns | 


KM44C4103A/AL/ALL/ASL-7 | 70ns | 20ns | 130ns | 
KM44C4103A/AL/ALL/ASL-8 | 80ns | 20ns | 150ns | 


‘» Fast Page Mode operation 

* Self Refresh Operation (LL-ver, only) 

- Four separate CAS pins provide for separate I/O 

operation 

_ « CAS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

» Early write or output enable controlled write 

¢ Single+5.0V+ 10% power supply 

* 2048 cycles/32ms refresh (Normal) 

* 2048 cycles/128ms refresh (Low power & Self Ref.) 

* 2048 cycles/256ms refresh (Super Low power) 

« JEDEC standard pinout 

« Available in plastic SOJ and TSOPiIl) 


FUNCTIONAL BLOCK DIAGRAM 


RAS 
CAS1-CAS4 


Control 
Clocks 


WwW 


Refresh Timer 
Saas 
Refresh Control 
Refresh Counter 
Row Address Buffer 
Col. Address Buffer 


Ao~A10 


: Vss 
VBB Generator 


Memory Array 
4,194,304x4 


Column Decoder 


(GENERAL DESCRIPTION 


The Samsung KM44C4103A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44C4103A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible.and four 
separate CAS pins provide for separate I/O operation 
allowing this device to operate in parity mode. 


The KM44C4103A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vcc 


DQi 


Cells 


Data out 
Buffer 
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KM44C4103A/AL/ALL/ASL CMOS DRAM 


PIN CONFIGURATION (Top Views) 


« KM44C4103 AJ/ALJ/ALLJ/ASLJ ° KM44C4103 AT/ALT/ALLT/ASLT + KM44C4103 ATR/ALTR/ALLTR/ASLTR 


J: 400MIL T : 400MIL(Forward) ‘TR : 400MIL(Reverse) 


[PinName [ PinFunction | 
Address Inputs 
Poi | Data irvOu 
[RAS Row Address Strobe 


Vss 
CAS1~CAS4 | Column Address Strobe 
Ww Read/Write Input 
Vcc 
C. 


[OE Data Output Enable 
[vec | Power(+5.0V) 
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ABSOLUTE MAXIMUM RATINGS 


[Parameter SSymbol_—«|~SRating’ ~~~ 
Voltage on Vcc Supply Relative to Vss 


eS 
Shor Coast Oana Cone a ae a a a 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


KM44C4103A/AL/ALL/ASL-5 
Operating Current* KM44C4103A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min.) KM44C4103A/AL/ALL/ASL-7 
KM44C4103A/AL/ALL/ASL-8 


KM44C4103A 
Standby Current KM44C4103AL 
(RAS=CAS=W=Vu ) KM44C4103ALL 

KM44C4103ASL 


KM44C4103A/AL/ALL/ASL-5 
RAS-Only Refresh Current* KM44C4103A/AL/ALL/ASL-6 
(CAS=Vin, RAS Cycling @trc=min.) KM44C4103A/AL/ALL/ASL-7 
KM44C4103A/AL/ALL/ASL-8 


KM44C4103A/AL/ALL/ASL-5 
Fast Page Mode Current* KM44C4103A/AL/ALL/ASL-6 
(RAS=Vit, CAS, Address Cycling @tec=min.) KM44C4103A/AL/ALL/ASL-7 
KM44C4103A/AL/ALL/ASL-8 


KM44C4103A 
Standby Current KM44C4103AL 
(RAS=CAS=W=Vcc-0.2V) KM44C4103ALL 

KM44C4103ASL 


KM44C4103A/AL/ALL/ASL-5 
CAS-Before-RAS Refresh Current* KM44C4103A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min.) KM44C4103A/AL/ALL/ASL-7 

KM44C4103A/AL/ALL/ASL-8 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)}=Vcc-0.2V 
Input Low Voltage(Vi.}=0.2V CAS=CAS-Before-RAS 
Cycling or 0.2V DQ1~DQ4=Don't Care trc=62.5ys(L-Ver.) 
125us(SL-Ver), tras=tras < min~300ns 
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KM44C4103A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


Parameter 2 Sybex | Uni 


Self Refresh Current 
RAS=CAS=0.2V ; 
W=OE=Ao-Ato=Vec-0.2V or 0.2V een ie 
DQ1-DQ4=Vcc-0.2V, 0.2V or Open 
Input Leakage Current ve -10 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) a 
Output Leakage Current Oi -10 
(Data out is disabled, OV<VoutT<Vcc) si 
Output High Voltage Level (loH=-5mA) 
| Pe [ 


Output Low Voltage Level (lo.=4.2mA) 
“NOTE: Icc1, Icc3, loca and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE 1ta=25°c, Voc=5v, f=1MHz) 


arate Sin [Mi] 
2 
input Capactance (US, CAB WOH) ———~SCSC~dt oe | | 
input Capactance Gai-Day———SSSCSCS~sCoe | Sd 


AC CHARACTERISTICS (°c<ta<70°C, Vcc=5.0V+0.5V, See notes 1,2) 


Random read or write cycle time Ftc | gf [to] sf a30] sf t50f 

Read-modify-write cycle time | two | 133] =| t55] sf a5] | 205] | nes | 
Aocess time fom FAS jc | | so] ||| mo] a0 ns 
Access time from CAS toa |_| 


Transition time (rise and fall) 


Tis |S 


o 
ww 
n 
a 
— = oo 


RAS precharge time 


RAS pulse width 


RAS hold time 


z 


n 
= 


RAS to CAS delay time 


CAS to RAS precharge time 
Row address set-up time 


en” 
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KM44C4103A/AL/ALL/ASL _ GMOS DRAM. 


AC CHARACTERISTICS (Continued) 


eee bee 


Notes 
Row adcressholdime | tw | 10] | to] to] tof os | 
‘|Ocumnaddresssetuptime we | of | of | of | of os | a7 | 
15 


Column address hold time 


RAS 


lee 


Column address to RAS lead time 
Read command set-up time 
Read command hold time referenced to CAS 


g 


i x 


Write command hold time 
Write command hold time referenced to RAS 
Write command pulse width 


Write command to RAS lead time 
Write command to CAS lead time 
Data set-up time 

Data hold time 


— —_ — 
oo a) ~N 


Pie 2 ee 
a 


dl 
Pe) 
_ —_— fj 


Refresh period (Super Low power) 


RAS to W delay time 


Be) OQ 
ry 3 |= e\z\z Fy o 
= a aia |= a 5 
2 aoa ;oa \|jiza 

5 28 > i> |o 8 = 
2 =| /3 Bigie 3 = 
a ai3 S131 3 a 
S ® |b ojo j3 > ®D 
2 aS |3 aiad{|o a. 77) 
8 < |a Fisilé Qa. Q 
pas x= 1M 5/4 if = => 
° 3; =/ig{g S Q 
=| eis 3 lz | = = 
2 16 = = 
2 2 2\— |8 3 5 
2 2\2|2| Js 3 3 
= ge ° ; @. Et 

rep 
2 o z| s a 
—~ Mi ret Ss 
Se) 8 8 
2 S 

at 


|| ne | 
| | os] | mo] os | 


S siz S 
A 
re) 


= 
Oo 


10) 
RAS to CAS precharge time | tec | 8 


o1o 
mi | 
3/8 
Qa jiu 
(IS 
3) 
® (5 
oy | e® 
al |S 
> 
ake 
cig 
g |S 
31 |S 
ros) 
oio 
@ |% 
s/s 
= 
ie 
=x 
bes] 
— 
a 


s/s 
Al 
~ 
S 
= 
oOo 


CA 


Output buffer turn off delay time from OE 
OE command hold time 


i” 
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KM44C4103A/AL/ALL/ASL CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Ee esccaraceaed 


Write command setup time (est modein) | wns | 10 | tof | to] | to] | mo | 
Write command hold time (est modein) | tw | 10] | 10] | 10) | to] | | 
WioFAS prechargetine C-B-Aretest) | twee | to| | ro] | of | tof | | 
WiohAShoidtimeC-B-Arerest) | tw | to] | tof | to] | to] fn | 


j100| [roof | too] | ns | 8 
FASprechargetime C-B-A sat retest) | tees | 00| | to] | t30| | a0] no | 18 
[CASholdtime CHAseirerest) | tows | 60] | so] | 80] | so] |e | 8 
HoldtimeCASlow toTAShigh | tun} 5] || | 5] | 5] s | 16 


TEST MODE CYCLE (Note.12) 


Random read or write cycle time 
Read-modify-write cycle time | two | 138] | 


faataines Te [8 
Access time from CAS ! tcac | | 


os 


Accesstime tom column acess | tw | 

AS pusewen | ts | 

CAS pusewidh | teas | 18 10.000] 20 10000] 25 | 10000] 25| roso0} os | 
ASrodime tose | te} otf sft | os | 
CHSrodtine ftom | os] ff fs] fs] os | 
[CotunnedcressioFASeadtime | te | ao} | | | of | ws] os | 

two | tf [sf fs] | ss} ns 
[RAStoWeeaytme | two | 7} | co to} nts] 
JCounnadcesstoWadaytine | two | s3| | so] {| mol rs] os 

Fast Page mode cycle time ltr | aol =| 45] | sol] 5] [ns | 

Fast Page mode read-modify-write cycle time | terwc] st] | ao] sf 405] 110 | | ons | 

FAS pusewidh Fast Page mode) _—_—_| tase | 85 | 200000| 65 | 200000] 75 | 200000] 85 | 200800] ns_ 

Access time from CAS precharge | tom | {| 35{ | aol | 4} | 50] ns | | 

OE access tine toca | | ve] | ao} | as] a5 ns | 
[OEtodatadeey toe | ta] cof | os] os | ns | 

[OE commandroistine tow | tf fo} fs] ss 
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KM44C4103A/AL/ALL/ASL 


CMOS DRAM 


NOTES 


1. 


10. 


An initial pause of 200«s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. Vik(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between Vik(min) and Vit(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 
and 100pF. 
. Operation within the trco(max) limit insures that 


trac(max) can be met. trcD(max) is specified as a 
reference point only. If tacp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tacp >trcp (max). 
. tar, twcr, toHR are referenced to tRaD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to Vou or VoL. 


. twcs, trwbd, tcwo and tawod are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), trwo> 
trwo(min) and tawo>tawo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 


‘11. 


12. 
13. 


14. 


16. 


Operation within the trao(max) limit insures that 
trac(max) can be met. trap(max) is specified as a 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. eres 

torF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 


. 2048 cycle of burst refresh must be executed 


within 32ms before and after self refresh, in order 
to meet refresh specification. 

In order to hold the address latched by the first 
CASx going low. The parameter tcLcH must be met. 


. The first CASx edge to transition low. 
. The last CASx edge to transition high. 
. Output parameter is referenced to corresponding 


CASx input. 


. Last rising CASx edge to next cycle's last rising 


CASx edge. 


. Last rising CASx edge to first falling CASx edge. 
. First DQx controlled by the first CASx to go low. 
. Last DQx controlled by the last CASx to go high. 
. Each CASx must meet minimum pulse width. 

. Last CASx to go low. 


tc” 
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KM44C4103A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAM 
READ CYCLE 


tras trp 


torP tcre 
— Loe 
wee AI NY 
=~ WY Yi 7 

1/7 


= . r 
as KY ae Ey 
tasR ey 


See 0) Cotes) (0), Gta) VVAMHUNIN 
maa | = ar 


7 V4 
ROK 


KX Don’t Care 


Vi vAVAVAS aa 
se XK tcrp 


S| 
i | 
><] 
es 
RS 
eS 
ce 
eS 
cS 
RS 
<J 
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KM44C4103A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAM (Continued) 
WRITE CYCLE (EARLY WRITE) 


S| 


OE 


DQ;~D0Q4 


Vip — 
Vit — 


Vin — 
Viu — 
Vin — 
Vit — 
Vip — 
Vit — 


Vin — 


Vit — 


ViH = 


Vit — 


ViH — 


Vit — 


ViH — 


Vit — 


ViH_ — 


Vi — 


trac 


tRas tre 


Se 
al | Va 


tcre 


Well [N47 
wl a 
ma 


tasr | | ; 
peace aay ——_ 
LOY rors] DY one AKON 
Pa. ty oe 
SN twcor | 


RAKKKKKN wo AKIRA KXKRY KKK 


AAAI 


seb 
XAAAAADA_weonne KX AAR AAA 


tDHR 


XY Don’t Care 
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KM44C4103A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAM (Continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 


tras tre 
ViH — 
Vit — 


tcrp trop trsH 


7— tcas 
om XY a. >? 


tcre 


ANA; aml 
—— VIH— 
ae XX F 


torp 


EE Vom 

Y— 

= T\_| 

sea 

= OD ht 
ae i 


tasR 


se YK natttss ROE Sons OO 


tcwL 


= OOOO 
= ROO | = RRO 


mom OX MO 


S| 


Kd Don’t Care 
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KM44C4103A/AL/ALL/ASL CMOS DRAM © 


TIMING DIAGRAM (Continued) 
READ-MODIFY-WRITE CYCLE 


—— tre 
tRas trp 
Vin 
Vit — 


ae wp 
= MLL 
== BA N17 
om WF inne a7, 
ale i 
> OE se WD Cas KXAN 


tow. 


= : 
; vn > = | twe VavAv alas vara 
= : a < SOAK 
i OOOOOC00000 sem 


ui ‘ 


tcac 
VALID j VALID N 
DATA-OUT. ¢\ DATA-IN 


Kx] Don't Care 


> 


; Vyon 
DQ1~DQ4 
Vuo. — 


|_| 

tan 

trac 
b' ( 


a» 
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KM44C4103A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAM Continue) 
FAST PAGE MODE READ CYCLE 


; trasp trp 
Vin — tar tRHcP 
Vit — 


Vin — 


CAS; 1G, tcas 
Mee tasc 


oN \/ i 


| lame 
cms, IN” (XA ig 


tRAD 


> 


faze tcosH Peas f tCAH 
We | 
Vin — NX non Vf XXX COLUMN KX (coon NY oe) VV Wt A 


ADDR ADDRESS /\\ 5 
oie ie be ; 
Vi Vi 


a YEXXYKY XXX 
ot XXX . MAXX 


TAKA AX f\ 
t ial Li toFF ra toFF ee ator 


S| 


CA 
aa 


oats eS 
VoH — 
VALID — 
DO a2 He bara-our dy ie (ie out by ia ourp 
teiz toFF 
trac ees | toez 
Vow — ie KY) (| vauo 
\ WY 


DATA- sal ) 


Vacs Me —~ 
OL 
trac 
VoH = : 
oF * 
DQ3 0 va si, pata-OuT P i oe outy 
ml eat 

Vow — oS 

D VALID 
Of Bs pata-out 


toLz 
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KM44C4103A/AL/ALL/ASL | CMOS DRAM 


TIMING DIAGRAM (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


al 


ViH — 
Vir — 


Vin 
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tRasP trp 
tar tRHcP 
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KM44C4103A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAM (Continued) 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


ween, - : 
7 \ tar tesy 
Vit - 
ViH_ — 
CAS ‘ tcas 
Vit 7 


aes 


Vit - 


ViH = 
Vit 7 


CAS4 iS | 
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TIMING DIAGRAMS (Continued) 


RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 


tran 


ve ORS, woos DSSS 


> 


Vou— 
DQ, ~DQ, es () PF | 
VoL — 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, OE, A=Don’t Care 


trp trp 
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KM44C4103A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (continueg) 
HIDDEN REFRESH CYCLE (READ) 


tras Sener tre tras tre 
Vie — 
RAS Vi — 
tcrp 
—— Vu—Y mo - 
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HIDDEN REFRESH CYCLE (WRITE) 
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KM44C4103A/AL/ALL/ASL ss GMOS DRAM 


TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE. 
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TIMING DIAGRAMS £(continueg) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 
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KM44C4103A/AL/ALL/ASL | CMOS DRAM 


PACKAGE DIMENSION 


28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 
. 0.720(18.29) 0.027(0.69) © 

' 0.730(18.54) ’ a eu 

Ca al ee I aa T 

en 
eae) NO 1/9 FIFE 
El gs SE gig 
2 ae SP ee 

J i 


C1 Ea = 
a a 0.026(0.66) | | 
0.032(0.81) | 0.140(3.56) 
“T"0. 148(3-76) 


[J 0.004(0.1) 


0.016(0.41) 0.050(1.27) | 0.050(1.27) 
0.020(0.51) TYP MAX 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


0.740 (18.80) 0.03 Fe aang 
MAX 


0.459 (11.66) 
0.466 (11.86) 


0.423 (10.76) 


0. 005 (0.13) 
; 0.722 (18.36) 0.037 (0.95) 0.008 (0.20) 
0.726 (18.46) 0.041 (1. _f b04t (7.05) 
Qj) 0.08 MAX 


= 
0.037 (0.95) 0.048 (1.22) [ae 0.016 (0. af 
0.052 (1.32) at 0.020 (0.50) 


0.016 (0.40) 
0.024 (0.60) 
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KM44C4004A/AL/ALL/ASL 


CMOS DRAM 


4M x4 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


¢ Performance range: 


Ye ea | 
FRIGATE | S| Tos | Ss | 7 | 
aACaBCNALALLAS- | Sr | 15 [it | Oe 
eicenennacns-[ on | Ars | Te | Ss | 


* Fast Page Mode with Extended data out 

¢ Self Refresh operation (LL-ver. only) 

« CAS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 

« Fast parallel test mode Capability 

* TTL compatible inputs and outputs 

* Early write or output enable controlled write 

« Single+5.0V+10% power supply 

* 4096 cycles/64ms refresh (Normal) 

« 4096 cycles/128ms refresh (Low power & Self Ref.) 
« 4096 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

* Available in plastic SOJ and TSOP(II) 


FUNCTIONAL BLOCK DIAGRAM 


Control 


GENERAL DESCRIPTION 


The Samsung KM44C4004A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44C4004A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C4004A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vcc 
Clocks Vss 


Refresh Timer 


Refresh Control g Dat 
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Memory Array e to 

Refresh Counter 4,194,304 x 4 <x DaQ4 
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AO~A11 [| Row Address Buffer ro) 

Data out 
Buffer 


Col. Address Buffer 


Column Decoder 


A0~AQ9 
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KM44C4004A/AL/ALL/ASL CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM44C4004 AJ/ALJ/ALLJ/ASLJ =» KM44C4004 AT/ALT/ALLT/ASLT + KM44C4004 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 


DQ, 
DQ; 
CAS 


J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse) 
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KM44C4004A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter «| ~SSyrmbol «| ~—SSRating =| COs 
Voltage on Any Pin Relative to Vss 

a 
: 


Voltage on Vcc Supply Relative to Vss 


Storage Temperature 


Power Dissipation 
Short Circuit Output Current 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) | 


KM44C4004A/AL/ALL/ASL-5 
KM44C4004A/AL/ALL/ASL-6 
KM44C4004AV/AL/ALL/ASL-7 
KM44C4004A/AL/ALL/ASL-8 


KM44C4004A 
KM44C4004AL: 

KM44C4004ALL 
KM44C4004ASL 


KM44C4004A/AL/ALL/ASL-5 
KM44C4004A/AL/ALL/ASL-6 
KM44C4004A/AL/ALL/ASL-7 
KM44C4004A/AL/ALL/ASL-8 


KM44C4004A/AL/ALL/ASL-5 
KM44C4004A/AL/ALL/ASL-6 
KM44C4004A/AL/ALL/ASL-7 
KM44C4004A/AL/ALL/ASL-8 


KM44C4004A 
KM44C4004AL 

KM44C4004ALL 
KM44C4004ASL 


KM44C4004A/AL/ALL/ASL-5 
KM44C-4004A/AL/ALL/ASL-6 
KM44C4004A/AL/ALL/ASL-7 
KM44C4004A/AL/ALL/ASL-8 


Operating Current* 
(RAS and CAS Cycling @trc=min.) 


Standby Current 
(RAS=CAS=W=Vin ) 


RAS-Only Refresh Current* 
(CAS=Vin, RAS Cycling @trc=min.) 


Hyper Page Mode Current* 
(RAS=ViL, CAS, Address Cycling @tpc=min.) 


Standby Current 
(RAS=CAS=W=Vcc-0.2V) 


CAS-Before-RAS Refresh Current" 
(RAS and CAS Cycling @trac=min.) 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V 
Input Low Voltage(Vit)=0.2V CAS=CAS-Before-RAS 
Cycling or 0.2V DQ1~DQa=Don't Care trc=31.25hs(L-Ver.) 
62.54S(SL-Ver.), tras=tras < min~300ns 


ane 
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KM44C4004A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


Parameter —*Y Sti | a | 


Self Refrésh Current 

RAS=CAS=0.2V 
W=OE=Ao-A11=Vcc-0.2V or 0.2V EEL i uA 
DQ1-DQ4=Vcc-0.2V, 0.2V or Open 


Input Leakage Current in -10 10 
(Any input 0<Vin <Vcc+0.5yV, all other pins not under test=0 volts.) a 

Output Leakage Current 

(Data out is disabled, OV<VouT< Vcc) 
Output High Voltage Level (loH=-5mA) | vow | 24 | - | 
Output Low Voltage Level (loc=4.2mA) | vo | = | 04 | 


*NOTE: Icc1, Icc3, Icc4 and Iccs are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In cca, Address can be changed maximum once within one Hyper page cycle. 


CAPACITANCE (ta=25°c, Vcc=5v, f=1MHz) 


Parameter *CSymbot [Min Max Unit 
Input Capacitance (Ao~A11) | oom =| =f 
Input papectan’ (RAS, CAS, W, OE) be One ut te GP ee, ot Dey. ot 
input Capactance aoa) ——SSSC*dS~C «| ST 


AC CHARACTERISTICS (°c<ta< 70°C, Vcc=5.0V+0.5V, See notes 1,2) 
Test condition: Vih/Vi=2.4V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 
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RAS pulse width — 
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RAS to column address delay time 
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AC CHARACTERISTICS (Continued) 


} 5 -7 
Min| Max | Min | 
CAS to RAS precharge time 5 5 
Row address set-up time ons | 


Row address hold time 
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Column address set-up time 


Column address hold time 
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Column address hold time referenced to RAS 


Z 


Column address to RAS lead time 


| Read command set-up time 


Read command hold time referenced to CAS. 


Read command hold time referenced to RAS 


Write command hold time 
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Write command hold time referenced to RAS 


Write command pulse width 
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Write command to CAS lead time 
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Data set-up time 
Data hold time 
Data hold time referenced to RAS 


Refresh period (Normal) tREF 
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Refresh period (L-ver) 
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Refresh period (SL-ver) 


Write command set-up time 
CAS to W delay time 
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RAS to W delay time _ 100 _| 110 

-.| Column address to W delay time 65 | 70 ns 
CAS oprecharge to W delay time 5 A ee. 
CAS set-up time (CAS-before-RAS refresh) 


CAS hold time (CAS-before-RAS refresh) 
RAS to CAS precharge time 
CAS precharge time (C-B-R counter test cycle) 


Access time from CAS precharge | tora _| 


Hyper Page cycle time 
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Hyper Page read-modify-write cycle time 


CAS precharge time (Hyper Page Cycle) 
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RAS pulse width (Hyper Page Cycle) 


| RAS hold time from CAS precharge tRHCP 


OE access time 
OE to data delay 13 | 15 
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KM44C4004A/AL/ALL/ASL CMOS DRAM 


AC CHARACTERISTICS (continued) 


ae 
[Max | 
| ns | 7 


[Min | Max | 
Output buffer turn off delay time from OE ; 
OE command hold time 
Write command set-up time (Test mode in) 


NO 
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Write command hold time (Test mode in) 
W to RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 
Output data hold time 


Output buffer turn off delay from RAS 


Output buffer turn off delay from W 
W to data delay 
OE to CAS hold time 


CAS hold time to OE 
OE precharge time 
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W pulse width (Hyper Page Cycle) 
RAS pulse width (LL-ver) 
RAS precharge time (LL-ver) 
CAS hold time (LL-ver) 
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TEST MODE CYCLE (Note. 12) 


a a ee 
Parameter 


es Co ed 
Random read or write cycle time f155| * | ns | | 


tcHs | -50 -50 
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Read-modify-write cycle time 
Access time from RAS 
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Access time from CAS 2-8 
‘| Access time from column address 40 | [as] ons | at 
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RAS to W delay time 
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Hyper Page cycle time 
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Hyper Page read-modify-write cycle time 
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CMOS DRAM 


TEST MODE CYCLE (Continued) 


ee Sere 


tease | 88 | 200000| 65 |200000| 75 | 200000| 95 | 200000] ns | 
| [sol 
5| ns | 


RAS pulse width (Hyper Page Cycle) 
Access time from CAS precharge 
OE access time 

OE to data delay 


OE command hold time 


TEST MODE DESCRIPTION 


The KM44C4004A/AL/ALL/ASL is the CMOS DRAM 
organizied 4,194,304 words by 4 bit internally 
organized 1,048,576 words by 16 bits. In “Test Mode", 
data are written into 16 sectors in parallel and retrieved 
the same way. Column address bit AO is not used. If 
upon reading, two bits on one I/O pin are equal (all "1" 
or "O"s)the I/O pin indicates a "1". If they were not 
equal, the I/O pin would indicate a "0". In "Test Mode". 
the 4Mx4 DRAM can be tested as if it were a 1Mx4 


NOTES 


1. An initial pause of 200us is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 

2. Vik(min) and ViL(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between ViH(min) and Vit(max) are 
assumed to be 5ns for all inputs, without tHPC and 
tHPRWC. 

3. Measured with a load equivalent to 2 TTL loads 
and 100pF 

4. Operation within the tRcp(max) limit insures that 
trac(max) can be met. tacp(max) is specified as a 
reference point only. If trcD is greater than the 
specified tRcD(max) limit, then access time is 
controlled exclusively by tcac. 

5. Assumes that tacp > tRCpD (max). 

6. tar, twcr, tDHR are referenced to tRaD(max). 

7. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRwp, tcwo and tawDd are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), tawo> 
trwo(min) and tawD>tawo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


DRAM. W and CAS before RAS Cycle (WCBR, Test 
Mode In Cycle) puts the device into “Test Mode", and 
"CAS before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test 
Mode, "W and CAS before RAS Refresh Cycle" 
peforms the refresh operation with internal CBR refresh 
address counter. The "Test Mode" function reduces 
test time(1/4 in cases of N test pattern) 


9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the tRaD(max) limit insures that 
tRac(max) can be met. tRaD(max) is specified asa 
reference point only. If tRAD is greater than the 
specified tRAD(max) limit, then access time is 
controlled by taa. 

12. These specifications are applied in the test mode. 

13. In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

14. trez(max),tcez(max), twez(max) and toeEz(max) 
define the time at which the output achieves the 
open circuit condition and are not referenced to 
output voltage level. 

15. 4096 cycle of burst refresh must be executed 
within 16ms_ before and after self refresh, in order 
to meet refresh specification. 

16. If RAS goes high before CAS high going, the open 
circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going 

17. tasc 2 tcp (min), Assumn tT=2.0ns 
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TIMING DIAGRAMS 
READ CYCLE 
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KM44C4004A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (continued) 
WRITE CYCLE (EARLY CYCLE) 
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TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
HYPER PAGE WRITE CYCLE (EARLY WRITE) 
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HYPER PAGE READ AND WRITE MIXED CYCLE 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 


=| 


DQ,-DQ, 


tac 


teas tras 


Vin 


trc ; 
tae RP 
~ tan — : 
Vit _ 3 
tcrp 
ae 
ey, \ ay, 
Vit = . 4 
: : 

V 


tasr ae | 


IH XX YV 


ve RO ths RON. ESERIES DROS OOOH 


trap 


SI 


tcac TWEZ f+——7 tcez 


L\V/\ 


tREZ 


trac 


Vou — rm. 


HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS (continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 


CAS-BEFORE-RAS REFRESH CYCLE 
Note: OE, Address=Don’t Care 
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KM44C4004A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE the 
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TIMING DIAGRAMS £( continue) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 
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KM44C4004A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 


Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


= ce ond [red =o 

an eo oly olo 

ans BIB a/5 gs 

yb Cig SIS gis 
Oo ° 

wolw mo QO DOIN 
© ols 

a|8 S/N 319 S/d 

Colo O|o c/o slo 


0.670 (17.02) : 0.128 (3.25) 
0.680 (17.27) 0.145 (3.68) 


[a 0.004(0.1) ¥ 5 Bal ° a ’ 
0.050(1.27) 0.015(0.38) a 0.026(0.66) 
TYP 0.021(0.53) 0.032(0.81) 


0.050(1.27) - 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 


(0.298 (7.57) 
0.302 (7.67) 
0.324(8.22) 
0.359 (9.12) 
0.367 (9.32) 


0671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) . 
0.008 (0.20) 


IS] 0.003 (0.08) uw 


Trae 0.048 (1.22) 0.012 (0.30) | 44 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 


TYP 


0.016 (0.40) Ee | 
0.024 (0.60) 
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KM44C4004A/AL/ALL/ASL - CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


a 0.025(0.64) 
MIN 


0.430(10.90) 
0.445(11.30) 


0.380(9.65) 


0.400(10.16) 
0.360(9.10) 


. 0.008(0.20) 


forsisss ] 


MAX 


la 0.004(0.1) 


0.050(1.27) 0.015(0.38) 
TYP 0.021(0.53) 


‘ 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 


0.050(1.27) 
MAX 


0.03 (0.80) 


0.402 (10.21) 
0.459 (11.66) 
0.467 (11.86) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


oe il 0.048 (1.22) 0.012 (0.30) 
0.052 (1.32) 0.020 (0.50) 2] | 0.037 (0.95) 
TYP 
0.016 (0.40) | 
0.024 (0.60) 
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KM44C4104A/AL/ALL/ASL 


CMOS DRAM 


4M x4 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


¢ Performance range: 


P| tric | tone | tr | tire | 
anACOARTALASCS | | fw | S| 
TeecerALALAs | se | te [te] ee 
CHORAL [ oe [ Om [tse | 
KM44C4104A/AL/ALL/ASL-8 | 80ns | 20ns | 150ns| 34ns 


« Fast Page Mode with Extended data out 

- CAS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

« Single+5.0V + 10% power supply 

* 2048 cycles/32ms refresh (Normal) 

* 2048 cycles/128ms refresh (Low power & Self Ref.) 
* 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(II) 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


Vcc 
Vss 
VBB Generator 


GENERAL DESCRIPTION 


The Samsung KM44C4104A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44C4104A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C4104A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Refresh Timer 
ae oe 
Refresh Control 
Refresh Counter 
Row Address Buffer 
Col. Address Buffer 


Ao~A10 


Column Decoder 


Data in 
Buffer 


Memory Array 
4,194,304x4 
Cells 


Sense Amps & lO 


Data out 
Buffer 


«a 
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KM44C4104A/AL/ALL/ASL =) CMOS DRAM 


PIN CONFIGURATION (top views) 


+ KM44C4104 AJ/ALJ/ALLJ/ASLJ =» KM44C 4104 AT/ALT/ALLT/ASLT + KM44C4104 ATR/ALTR/ALLTR/ASLTR 
- AK/ALK/ALLK/ASLK | - AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 


DQ, 
DQ3 


CAS 


J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse) 


[PinNeme | __PinFunction | 
Vss 


Row Address Strobe 


Column Address Strobe 
Read/Write Input 


Data Output Enable 
Power(+5. ” 
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KM44C4104A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 
[Parameter [Sambal [Rating 
ae a ee 
OO 
F short Gre Output Garett 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Supply Voltage 


Ground 


Input High Voltage 


Input Low Voltage 


KM44C4104A/AL/ALL/ASL-5 
Operating Current* KM44C4104A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min.) KM44C4104A/AL/ALL/ASL-7 

KM44C4104A/AL/ALL/ASL-8 


KM44C4104A 
Standby Current KM44C4104AL 
(RAS=CAS=W=Vu ) KM44C4104ALL 
KM44C4104ASL 


KM44C4104A/AL/ALL/ASL-5 
RAS-Only Refresh Current* KM44C4104A/AL/ALL/ASL-6 


(CAS=Vin, RAS Cycling @trc=min.) KM44C4104A/AL/ALL/ASL-7 
KM44C4104A/AL/ALL/ASL-8 


KM44C4104A/AL/ALL/ASL-5 
Hyper Page Mode Current* KM44C4104A/AL/ALL/ASL-6 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM44C4104A/AL/ALL/ASL-7 
KM44C4104A/AL/ALL/ASL-8 


KM44C4104A 
Standby Current KM44C4104AL 
(RAS=CAS=W=Vcc-0.2V) KM44C4104ALL 

KM44C4104ASL 


! KM44C4104A/AL/ALL/ASL-5 
CAS-Before-RAS Refresh Current* KM44C4104A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min.) KM44C4104A/AL/ALL/ASL-7 

KM44C4104A/AL/ALL/ASL-8 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vi}=Vcc-0.2V 
Input Low Voltage(ViL)=0.2V CAS=CAS-Before-RAS 
Cycling or 0.2V DQ1~DQs4=Don't Care trco=62.5us(L-Ver) 
125us(SL-Ver.), tras=tras<min~300ns 
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KM44C4104A/AL/ALL/ASL , CMOS DRAM 


‘DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended: operating conditions unless otherwise noted) 


To arertor id Srl] in [Ma | Uni 


Self Refresh Current , 
RAS=CAS=0.2V 
W-OE=Ao-Ato=Vcc-0.2V or 0.2V ec iea lita ress B00) ae 
DQ1-DQ4=Vcc-0.2V, 0.2V or Open 
Input Leakage Current ; 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) KB 


Output Leakage Current = 

(Data out is disabled, OV <VouT < Vcc) 

Output High Voltage Level (loH=-5mA) | vor | 24] - | V 
Output Low Voltage Level (loL=4.2mA) | vo | - | os | V 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icc4, Address can be changed maximum once within one Hyper page cycle. 


CAPACITANCE (1a=25°c, Vcc=5v, f=1MHz) 


Parameter «Cb |—Min—~| Max [Unit 
input Capacitance ay ———SSCS~=~*~“~*~*~sSSYS Cd) 
input Capacitance (AS, CAS WOE—SSS*| we «tS TSS 
[input Capactance(OGi-DG) SSCS |S) Yr 
AC CHARACTERISTICS (0°c<Ta<70°C, Vcc=5.0V+0.5V, See notes 1,2) 

Test condition: Vin/Vii=2.4V/0.8V, Voh/Voi=2.0V/0.8V, Output Loading CL=100pF 


Random read or write cycle time 
Read-modify-write cycle time 


Access time from RAS 


Access time from CAS 

Access time from column address 
CAS to output in Low-Z 

OE to output in Low-Z 

Output buffer turn-off delay from CAS 


Transition time (rise and fall) 


RAS precharge time 
RAS pulse width 
RAS hold time 

CAS hold time 


Ro 
ons]|o 


= 


am 
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KM44C4104A/AL/ALL/ASL CMOS DRAM 


i ae 


AC CHARACTERISTICS (continuea) 


[GAS toRAS prchagetime | or || ae i es 


Row address set-up time 


Column address set-up time 
Column address hold time 


Column address hold time referenced to RAS 


Zis |S |S S 
FF fe | EE 


Column address to RAS lead time 


3 


Write command pulse width 


Write command to RAS lead time 


Data set-up time 
Data hold time 
Data hold time referenced to RAS 


Refresh period (Normal) 


ot 
9 
x= 


= 
Ps) 
om 
wn 


Refresh period (L-ver) 
Refresh period (SL-ver) 
Write command set-up time 
CAS to W delay time 


ot 
a 
faa 
nt 
e 
nn 
ro>) 


= 
Oo 


o> | ot 
QO |O 
wm 
psi 


eee: Weg 
z15|§ 
aie {3 


Hyper Page cycle time 


Hyper Page read-modify-write cycle time t 


RAS pulse width (Hyper Page Cycle) 
RAS hold time from CAS precharge 
OE access time 

OE to data delay 


PSnmsuncg - 
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KM44C4104A/AL/ALL/ASL CMOS DRAM 


AC CHARACTERISTICS (continued 
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TEST MODE CYCLE | (Note.12) 
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KM44C4104A/AL/ALL/ASL 


CMOS DRAM 


TEST MODE CYCLE (Continued) 


TEST MODE DESCRIPTION 


The KM44C4104A/AL/ALL/ASL is the CMOS DRAM 
organizied 4,194,304 words by 4 bit internally 
organized 1,048,576 words by 16 bits. In "Test Mode’, 
data are written into 16 sectors in parallel and retrieved 
the same way. Column address bit AO is not used. If 
upon reading, two bits on one I/O pin are equal (all "1" 
or "O"s)the I/O pin indicates a "1". If they were not 
equal, the I/O pin would indicate a "0". In "Test Mode". 
the 4Mx4 DRAM can be tested as if it were a 1Mx4 


NOTES 


1. An initial pause of 200us is required after power-up 

followed by any 8 CBR or ROR cycles before 
_ proper device operation is achieved. 

2. ViH(min) and Vit(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between ViH(min) and Vit(max) are 
assumed to be 5ns for all inputs, without tuepc and 
tHPRWC. 

3. Measured with a load equivalent to 2 TTL loads 
and 100pF 

4. Operation within the trcp(max) limit insures that 
trRAc(max) can be met. trcp(max) is specified as a 
reference point only. If trcp is greater than the 
specified trcb(max) limit, then access time is 
controlled exclusively by tcac. 

5. Assumes that tRcp > trRcb (max). 

6. tar, twcrR, tbHR are referenced to tRAD(max). 

7. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to Vou or VoL. 

8. twcs, tRwD, tcwpd and tawbd are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tewo>tcwo(min), tawo> 
tRwd(min) and tawD>tawp(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


DRAM. W and CAS before RAS Cycle (WCBR, Test 
Mode In Cycle) puts the device into "Test Mode", and 
"CAS before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test 
Mode, "W and CAS before RAS Refresh Cycle" 
peforms the refresh operation with internal CBR refresh 
address counter. The "Test Mode" function reduces 
test time(1/4 in.cases of N test pattern) 


9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the trap(max) limit insures that 
tRac(max) can be met. trap(max) is specified as a 
reference point only. If tRaAD is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 

12. These specifications are applied in the test mode. 

13. In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode — 
cycles by adding the above value to the specified 
value in this data sheet. 

14. trez(max), tcez(max), twez(max) and toez(max) 
define the time at which the output achieves the 
open circuit condition and are not referenced to 
output voltage level. 

15. 2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

16. If RAS goes high before CAS high going, the open 
circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going 

17. tasc = tcp (min), Assumn tT=2.0ns 
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TIMING DIAGRAMS 
READ CYCLE 
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KM44C4104A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY CYCLE) 
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KM44C4104A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS 6 continued) 
READ-MODIFY-WRITE CYCLE 


RAS - 


tor 


Vin — “Y/ YR 
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~ TIMING DIAGRAMS (continueg) 
HYPER PAGE WRITE CYCLE (EARLY WRITE) 
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KM44C4104A/AL/ALL/ASL CMOS DRAM 


HYPER PAGE READ AND WRITE MIXED CYCLE 


TRASP pa | 
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KM44C4104A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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KM44C4104A/AL/ALL/ASL CMOS DRAM 


TIMING DIAG RAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don’t Care 


Vin x 


Vi —YXY 
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CAS-BEFORE-RAS REFRESH CYCLE 
Note: OE, Address=Don’t Care 
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KM44C4104A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (continued) . 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE . tre 


RAS Viw — tras 
Vi — 
teet RSH 
Viq — i H D 
Vi amas: 


4 YY 


Vin — DWV VVVVVVYYYVVVYVYyVVyyyyy — —— Y VYVYVY 
© SD ee 


Q 
e) 


READ CYCLE ‘wap 


trcH 


= 


EZ 


Gl 

Vin — AVY “VAVAVAVAVAVAY, = 
Fe YW OX 
v 


__ BisS 
ry il XY 
BOO BEY 


|_| ta 
i 
al 
tREZ 
oF a Mee XXX 


Vi — 


LZ 
Le He % tcEz 
_ 
Vou— CA) 
o.. ae 
rhs 


Vo. — tevz fo 


WRITE CYCLE, Sis al 
- Vu — PYG WAV AVAVAVAVAVAVAVAVAVs We IVTVVVVVVVV VY 
© SOBRE) RRESERESERN | [= I RRR 


FE OR CK RK 
asta 

A/T co VAVAVAVAVAVAVAVAWAVAVAVAVAVAVAVAWAVAVAWAVAWAW, OV/V/ YY Y¥YYV VY YY VY 

0000 TT OR RRR vaumonrain REY 


READ-MODIFY-WRITE L——tcwe 


twap tawe 


ey OEY esa 


Vic f\ 


taa 


toz 


ae 
ae OY : 


VALID DATA-OUT~ VALID DATA-IN 


WY DON’T CARE 


ELECTRONICS 


KM44C4104A/AL/ALL/ASL 


CMOS DRAM 


TIMING 


DIAGRAMS (Continued) 


TEST MODE IN GYCLE 


Note: OE, Address: Don't Care 
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KM44C4104A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 
——as Bae 


NS 


— 


0.012 (0.30) 


0.275 (6.98) 
0.330 (8.33) 
0.340 (8.64) 
0.008 (0.20) 


0.260 (6.60) 


0.295 (7.49) 
0.305 (7.75) 


0.128 (3.25) 


0.670 (47. 02) 
0.680 (17.27) 0.145 (3.68) 


— as 


0.050(1. zm | 0.015(0. ce 0.026(0.66) 
TYP 0.021(0. mol 0.032(0.81) 


0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 


0.671 (17.04) 


0.047 (1.20) 


l 
I 
I 
| 
| 
I 
0.298 ven_| 
0.302 (7.67) 
0.32.4(8.22) 
0.359 (9.12) 
0.367 (9.32) 


0.039 (1.0) 


0.679 (17.24) 
0.005 (0.13) 
0.008 (0.20) 
Simon GOHHAHE THAAD 
| L 0.048 (1.22) 0.012 (0.30) | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) =o | 
0.024 (060) 
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KM44C4104A/AL/ALL/ASL ss CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


ra 0.025(0.64) 
MIN 


0.360(9.10) 
0.380(9.65) 

0.430(10.90) 

0.445(11.30) 


o 
= 
° 
= 
re) 
3 
a 
co) 


0.008(0.20) 


0.725(18.42) 0.144(3.66) 

MAX 
20 0.026(0.66) 
0.032(0.81) 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 


_—s 


0.004(0.1) 
0.050(1.27) 0.015(0.38) 
TYP 0.021(0.53) 


0.050(1.27) 
MAX 


0.03 (0.80) 


0.459 (11.66) 
0.467 (11.86) 


0.723 (18.36) 
0.727 (18.46) 


J 0.048 (1.22) 0.012 (0.30) | | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 


TYP 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


a 0.003 (0. 08) | 


0.016 (0.40) ali a 
0.024 (0.60) 
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KM41V16000A/AL/ALL/ASL 


CMOS DRAM 


16M x1 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES 


« Performance range: 


* Fast Page Mode operation 

¢ CAS-before-RAS refresh capability 

¢ RAS-only and Hidden Refresh capability 

* Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

« Common I/O using Early Write 

¢ Single+3.3V+.0.3V power supply 

* 4096 cycles/64ms refresh(Normal) 

* 4096 cycles/128ms refresh(Low power & Self Ref.) 
¢ 4096 cycles/256ms refresh(Super Low power) 

« JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(I!) packages 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


GENERAL DESCRIPTION | 


The Samsung KM41V16000A/AL/ALL/ASL is a high 
speed CMOS 16,777,216 bit x1 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. _ 


The KM41V16000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM41V16000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vop 


Ves Generator 


- Refresh Timer 


Refresh Control 


Refresh Counter 
Row Address Buffer 
Col. Address Buffer 


AO~A11 


Column Decoder 


Data in 
Buffer 


Memory Array 
16,777,216 x1 
‘Cells 


Sense Amps & |O 


Data out 
Buffer 


<i”. 
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KM41V16000A/AL/ALL/ASL CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM41V16000 AJ/ALJ/ALLJ/ASLJ +» KM41V16000 AT/ALT/ALLT/ASLT + KM41V16000 ATR/ALTR/ALLTR/ASLTR 
/AK/ALK/ALLK/ASLK /AS/ALS/ALLS/ASLS /ASR/ALSR/ALLSR/ASLSR 


J: 400MIL *  T: 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse) 


Pin Name Pin Function 

Address inputs 

Data In 

' Data Out 

RAS Row Address Strobe 
CAS Column Address Strobe 
WwW Read/Mrite Input — 
Vcc Power(+3.3V) 
Vob Ground 
N.C. No connection 


ELECTRONICS 


KM41V16000A/AL/ALL/ASL CMOS DRAM 
ABSOLUTE MAXIMUM RATINGS °: 
‘Parameter Symbol Rating Units 
Voltage on Any Pin Relative to Vss Vin, VOUT -0.5 ~ 4.6 Vv 
Voltage on Vop Supply Relative to Vss Vppb fe -0.5 ~ 4.6 V 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Pp 1 | WwW 
Short Circuit Output Current los 50 mA 


| ee EE VV 

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Parameter Symbol Min Typ Max Unit 
Supply Voltage Vop 3.0 3.3 3.6 V 
Ground Vss 0 . 0 0 V 
Input High Voltage VIH 2.0 | — VoD + 0.3 V 
Input Low Voltage VIL -0.3 — 0.8 Vv 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 


«i 


ELECTRONICS 


Parameter Symbol} Min | Max | Units 

Operating Gunsne KM41V16000A/AL/ALL/ASL-6 80 mA 
pein ; . KM41V16000A/AL/ALL/ASL-7 Icc1 70 mA 
(RAS ahd: GAS Cycling @txe=min.) KM41V16000A/AL/ALL/ASL-8 60 | mA 

KM41V16000A 2 mA 
Standby Current KM41V16000AL ae 1 mA 
(RAS=CAS=W=ViH ) KM41V16000ALL 1 mA 

KM41V16000ASL 1 mA 
RAS-Only Refresh C ent KM41V16000A/AL/ALL/ASL-6 i 80 mA 
a aoa " ‘ KM41V16000A/AL/ALL/ASL-7 Icc3 70 mA 
Chess Hnis Cing ect) KMd1V1 60004/AL/ALL/ASL-8 60 | mA 
Exat Page Node Currant® KM41V16000A/AL/ALL/ASL-6 70 mA 
Rese geil KM41V16000A/AV/ALL/ASL+7 | Icca 60 | mA- 
(RAS=VIL, CAS, Address Cycling @tec=min.) KM41V16000A/AL/ALL/ASL-8 50 ah 

KM41V16000A 1 mA 
Standby Current KM41V16000AL ie 300 HA 
(RAS=CAS-W=Voo-0.2V) KM41V16000ALL 200 | uA 

KM41V16000ASL 200 LA 
— aes m KM41V16000A/AL/ALL/ASL-6 80 mA 
GS: Belo ahs eles Curent. KM41V16000A/AL/ALL/ASL-7 | Icce 70 | ma 
BAS ane Cre Cyelneue tes) KM41V16000A/AL/ALL/ASL-8 60 | ma 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (ViH}=Vop-0.2V : 
Input Low Voltage (Vi)=0.2V CAS=CAS-Before-RAS Cycling i cone: Icc7 as s ‘| 
or 0.2V Din=Don't Care Trc=31.25S(L-Ver) I 
62.54S(SL-Ver.), TRas=TRaS min.~300ns 

ae ES 
Self Refresh Current 
RAS=CAS=0.2V 
We Ao-Att=Vop-0.2V or 0.2V KM41V16000ALL Iccs 250 LA 
D, Q=Vpp-0.2V, 0.2V or Open 
771 


KM41V16000A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


Parameter 


input Leakage Current 
(Any input O< Vin <Vop+0.3V, all other pins not under test=0 volts.) 


ee 


Output Leakage Current 


: 1 
(Data out is disabled, OV<Vout<Vpp) lou) is Og ee 


Output High Voltage Level (loH=-2mA) VOH 2.4 see Vv 


Output Low Voltage Level (loL=2mA) 


*NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (ta=25°c, Vop=3.3V, f=1MHz) 


Parameter 


Input Capacitance (D) 


Input Capacitance (Ao-A11) 
Input Capacitance (RAS, CAS, W) 
‘Input Capacitance (Q) 


AC CHARACTERISTICS (°c <tTa<70°C, Vov=3.3V+0.3V, See notes 1,2) 
Test Condition : Vih/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 


Parameter smb Notes 
3 Min | Max | Min | Max | Min | Max_| 

Random read or write cycle time 150 ns _| 
Read-modify-write cycle time 205 C ns 
Access time from RAS 70 80} ns | 3,4,11 
Access time from CAS 20 20/ ns | 3,4,5 
Access time from column address 35 | 40 | ns 3,1 7" 
CAS to output in Low-Z 0 | ns 3 it 
Output buffer turn-off delay 20 0 20} ns im 


Transition time (rise and fall) 


RAS precharge time 60 ns _| 
RAS pulse width 70 | 10,000 | 80| 10,000| ns | 
RAS hold time 20 20 ns 

CAS hold time 70 — 80 | ns 

CAS pulse width 20 | 10,000 20 | 10,000; ns 

RAS to CAS delay time 4 
RAS to column address delay time 11 | 


CAS to RAS precharge time tcRP 5 
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AC CHARACTERISTICS (continued) 


-7 


Row address set-up time 


Row address hold time 10 10 ns 

Column address set-up time 0 0 ns 

Column address hold time 15| 15 ns 

Column address hold time referenced to RAS a 60 ns 6 
Column address to RAS lead time 35 40 ns 

Read command set-up time 0 0 ns 

Read command hold time referenced to CAS 0 0 ns | 9 
Read command hold time referenced to RAS i 0 0 ns | 9 
Write command hold time 15 15 ns 

Write command hold time referenced to RAS 55 | Ls 60 | _| ns 6 
Write command pulse width 15 15 ns 

Write command to RAS lead time 20 20 ns 

Write command to CAS lead time if 20. | 20 ns ¥! 
Data set-up time 0 0 __| ns. 10 | 
Data hold time 15 “45 | ns 10 
Data hold time referenced to RAS | a5} | 55] 60 ns 6 
Refresh period (Normal) | eal 64 64| ms 

Refresh period (Low power & self Ref.) 128 128 128| ms 

Refresh period (Super Low power) 256 256 256| ms 

Write command set-up time 0 , 0 ns 8 
CAS to W delay time | 20 20 |_ns 8 
RAS to W delay time 70 80 ns 8 
Column address to W delay time 35 40 fe 8 | 
CAS set-up time (CAS-before-RAS refresh) 10 10 ns 

CAS hold time (CAS-before-RAS refresh) 15| 15 | ns | 

RAS to CAS precharge time 5 | S| ns . 
CAS precharge time (C-B-R counter test cycle) 30 30 ns 

Access time from CAS precharge 35 40 | 45] ns | 3 
Fast Page mode cycle time 45 50 | ns 4 
Fast Page mode read-modify-write cycle time 70 75 ns 

CAS precharge time (Fast Page mode) | | 10 10 | ns | 

RAS pulse width (Fast Page mode) 200,000 | 70 | 200,000} 80| 200,000; ns | 

RAS hold time from CAS precharge 40 45 ns 

Write command set-up time (Test mode in) | {| 10] 10 | ns 

Write command hold time (Test mode in) 10 10 ns 

W to RAS precharge time (C-B-R refresh) 10 101, ns 

W to RAS hold time (C-B-R refresh) 10 10 [ ns J 
RAS pulse width (C-B-R refresh) i 100 100 HS 15 | 
RAS precharge time (C-B-R refresh) ee 130 150 L | ns 15 
CAS hold time (C-B-R refresh) -50 -50 ns 15 
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CMOS DRAM 


TEST MODE CYCLE (Note.12) 
ae ee - 38 
Parameter Symbol seach we Max | Min | Max Units | Notes 
Random read or write cycle time tRC 115 135 155 ns | | 
Read-modify-write cycle time trwc | 160 190 210 ns 
Access time from RAS _| trac 65| 75 85; ns | 3,4,11 
Access time from CAS tcac 20 25 25 ty 3,4,5 
Access time from column address tAA “35[ 40 45; ns 3,11 
RAS pulse width | tras 10,000} 75] 10,000} 85) 10,000) ns 
CAS pulse width tcas 10,000} 25) 10,000) 25 [10,0001 as 
RAS hold time tRSH | 2 = 25 _[ ns E< 
CAS hold time tCSH 75 ip 85| 2a 
Column address to RAS lead time tRAL | 40 | a8 zis ns 
CAS to W delay time a tcwo 25 _ ae aan 
RAS to W delay time trwo | _7 85 ns 8 
Column address to W delay time tawD 40 45 {_ns 8 
Fast Page mode cycle time tec 50 55 ns 
Fast Page mode read-modify-write cycle time tpRwc| 65 75 80 ns 
RAS pulse width (Fast Page Mode) tRASP 200,000) 75} 200,000} 85) 200,000) ns 
Access time from CAS precharge tcPA | | 40 45 50} ns 3 


NOTES 


1. 


for) 


An initial pause of 200s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. VIH(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between VIH(min) and ViL(max) are 
assumed to be 5ns for all. inputs. 


. Measured with a load equivalent to 100pF and 


Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) 


. Operation within the tacD(max) limit insures that 


trac(max) can be met. tRcpb(max) is specified as a 
reference point only. If tRcD is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tRcp > trcp (max). 
. tar, twcr, tOHR are referenced to tRAD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VoH or VoL. 


. twcs, tRwb, tcwD and tawp are non restrictive . 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), trwo> 
trwo(min) and tawd > tawp(min), then the cycle is a 


10. 


11. 


12. 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max): limit insures that 
tRac(max) can be met. tRap(max) is specified as a 
reference point only. If trap is greater than the 
specified tRAD(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 

. In test mode read cycle, the value of trac, ta, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torFF(max) and toEz(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 


et 


ELECTRONICS 


774 


KM41V16000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS 
READ CYCLE 
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KM41V16000A/AL/ALL/ASL. CMOS DRAM 


TIMING DIAGRAMS (Continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


trasp tap 


tar 
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| tec 
tcp trsH 
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FAST PAGE MODE READ-WRITE CYCLE 
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TIMING DIAGRAMS (continued) 
RAS-ONLY REFRESH CYCLE 


Note: W = Don't care 


RAS 


CAS 


6 I RERERN ro 200 SR ERO CNN 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, A=Don't Care 
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CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, A=Don't Care 
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TIMING DIAGRAMS (continue) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS (Continued) 
. CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


trp - 
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TIMING DIAGRAMS (continued) 


TEST MODE IN CYCLE 
Note: D, Address: Don’t Care 
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TEST MODE DESCRIPTION 


The KM41V16000A/AL/ALL/ASL is the RAM organized 
16,777,216 words by 1 bit, it is internally organized 1, 
048,576 words by 16 bits. In “Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao, A1, A1o and A11 are not 
used. If, upon reading, 16 bits are equal (all “1"s or "O"s) 
the Q pin indicates a "1". 

If they were not equal, the Q pin would indicate a "0". In 


Peet 


ELECTRONICS 


tras 


mvAl LDADLLAASLS 


IR 


LK 


OPEN 


BY DON’T CARE 


“Test Mode", the 16M DRAM can be tested as if it were 
a 1Mx1 DRAM. W, CAS-BEFORE-RAS Cycle (Test 
Mode in Cycle) puts the device into "Test Mode". And 
"CAS-BEFORE-RAS REFRESH CYCLE" or “RAS-only 
Refresh Cycle" puts it back into "Normal Mode". The 
“Test Mode" function reduces test time (1/16 in cases of 
N test pattern). 
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KM41V16000A/AL/ALL/ASL _ ~ CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


0.295 (7.49) 
0.305 (7.75) 

0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 
0.340 (8.64) 
0.008 (0.20) 
0.012 (0.30) 


: 0.670 (17.02) 0.128 (3.25) 
. 0.680 (17.27) 0.145 (3.68) 
= I a — I eS Ee 


— | a =, 
0.050(1.27) 
MAX 


Al ° va 
24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (S00MIL, Forward and Reverse Type) | 


oa We 
0.050(1.27) 0.015(0.38) | 0,.026(0.66) 
TYP 0.021(0.53) 0.032(0.81) 


0.03 (080) 


0.359 (9.12) 
0.367 (9.32) 


0.298 (7.57) 
0.302 (7.67) 


0.324(8.22) 


0.671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


Fpomem) FO AAA : 
_ 0.048 (1.22) 0.012 (0.30) | 
0.052 (1.32) 0.020 (0.50) | 0.037 (0.95) 
TYP 


0.016 (0.40) A 
0.024 (0.60). 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


0.025(0.64) 
MIN 


: 6/8 8|8 
a2 =|(E al SF 
° ajo Sir a 
8 slg sig 
= S19 clo 6 
: oO 
0.725(18.42) 0.144(3.66) 
MAX 
la 0.004(0.1) 
0.050(1.27) 0.015(0.38) : | 0.026(0.66) 
TYP 0.021(0.53) 0.032(0.81) 
0.050(1.27) 
MAX 
24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 
0.03 (0.80) 
| TYP 
ee 
sity ge) 3s 
ne ejo Ele 
o/Oo ° ome) 
el 
S18 
3/6 0.005 (0.13) 
0.008 (0.20) 
7 0.048 (1.22) 0.012 oor20 
0.052 (1.32) 0.020 oon 50) 0.037 (0.95) 
TYP 
0.016 (0.40) 
0.024 (0.60) 
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KM44V4000A/AL/ALL/ASL 


CMOS DRAM 


4M x4 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


* Performance range: 


20ns | 130ns 
-20ns | 150ns 
* Fast Page Mode operation 


« CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

* Fast parallel test mode Capability 

* TTL compatible inputs and outputs 

* Early Write or output enable controlled write 

+ Single+3.3V+0.3V power supply 

* 4096 cycles/64ms refresh (Normal DRAM) 

+ 4096 cycles/128ms refresh (Low power & Self Ref.) 
+ 4096 cycles/256ms refresh (Super Low power) 
+ JEDEC standard pinout 

+ Available in plastic SOJ and TSOP(II) 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


Refresh Timer 


Refresh Control 


(| Row Address Buffer 


Col. Address Buffer 


AO~A14 


AO0~AQ 


Ves Generator 


[ve 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM44V4000A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44V4000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44V4000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Data in 
Buffer 


Memory Array to 
Refresh Counter 4,194,304 4 DQ4 
Cells 


Sense Amps & lO 


Data out 
Buffer 


Porm suns 
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KM44V4000A/AL/ALL/ASL CMOS DRAM 


PIN CONFIGURATION (top views) 


* KM44V4000 AJ/ALJ/ALLJ/ASLJ * KM44V4000 AT/ALT/ALLT/ASLT — - KM44V4000 ATR/ALTR/ALLTR/ASLTR 
/AK/ALK/ALLK/ASLK /AS/ALS/ALLS/ASLS /ASR/ALSR/ALLSR/ASLSR 


Vss 
DQ4 
DQ3 
CAS 
N.C 
Ag 


Vss 
DQ, 
DQ3 
CAS 
N.C 
Ag 


Ag 
A7 
A6 
As 
Aa 


Aa 
A7 
A6 
AS 
Ag 


Vss Vss 


J: 400MIL : T : 400MiL(Forward) TR : 400MIL(Reverse) 


K : 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse) 

PinName | Pin Function 
Ao-A11 Address Inputs | 
DQ1-~4 4 Data In/Out 
Vss Ground 
RAS Row Address Strobe 
CAS | Column Address Strobe 

[Ww | Read/Write Input | 
OE e Data Output Enable 
Vop Power(+3.3V) 
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ABSOLUTE MAXIMUM RATINGS . 


oa ce se ee ee ae 
Voltage on Any Pin Relative to Vss | vwVor | 5-46 | 

Se 
[tw ido to | 
Power Dissipation pe ae Se 
SSE a OT 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation - 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 
Parameter Symbol | Min 


Supply Voltage 


Voltage on Vpp Supply Relative to Vss 


Oo 


Storage Temperature 


Ground 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 


Parameter Symbol; Min | Max | Units 
Gocetned Curent “KM44V4000A/AL/ALL/ASL-6 80 mA 
aS ang ; KM44V4000A/AL/ALL/ASL-7 Ioct - | 70 | mA 
[RAS and CAS Cycling @trc=min) KM44V4000A/AL/ALL/ASL-8 60 | mA 
. KM44V4000A 2 mA 
Standby Current KM44V4000AL hes : 1 mA 
(RAS=CAS=W=Vi ) | KM44V4000ALL . 1 mA 
KM44V4000ASL ae mA 
ana ‘ KM44V4000A/AL/ALL/ASL-6 80 mA 
SY Retr OUTS a KM44V4000A/AVALLIASL-7 | Iccs | - | 70 | mA 
hese ns Cyeling etre) KM44V4000A/AL/ALL/ASL-8 60 | mA 
Fast Page Mode Current" KM44V4000A/AL/ALL/ASL-6- 70 mA 
mee es KM44V4000N/AL/ALLASL-7 | tcca | - | 60 | mA 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM44V4000A/AL/ALL/ASL-8 50 anh 
KM44V4000A 1 mA 
Standby Current KM44V4000AL ices - 300 | “A 
(RAS=CAS=W=Vpp-0.2V) | KM44V4000ALL 200 | “wA 
KM44V4000ASL 200 LA 
; ; | 
Ct BA ate Cat Sere ieee) ain 
Sand Ons Cycling tac min): KM44V4000A/AL/ALL/ASL-8 60 | mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (ViH}=Vop-0.2V 
Input Low Voltage (ViL)=0.2V CAS=CAS-Before-RAS ia Ve: Icc7 - ee e ; 
or 0.2V Din=Don't Care Tro=31.25uS(L-Ver) ie 
62.54S(SL-Ver), TRAS=TRas min.~300ns 
Self Refresh Current . 
RAS=CAS=0.2V ; 
W=OE=Ao-A11=Vpp-0.2V or 0.2V et ers . eo0t ae 
DQi ~DQ4=Vpp-0.2\, 0.2V or Open 
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DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol| Min | Max | Units 
Input Leakage Current In) -10 10 ih 
(Any input O< VIN <VpD+0.3V, all other pins not under test=0 volts.) 
Output Leakage Current en 
(Data out is disabled, OV<Vout <Voo) . 10; 10 | #A 
Output High Voltage Level (loH=-2mA) VOH 2.4 - Vv 

ee : + 

Output Low Voltage Level (loL=2mA) VOL - 0.4 V 


*NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. ° 


CAPACITANCE (1a=25°c, voo=3.3V, f=1MHz) 


a eee 


Input Capacitance (Ao~A11) 
Input Capacitance (RAS, CAS, W, OE) 
Output Capacitance (DQ1~DQa) 


AC CHARACTERISTICS (o°c<ta<70°C, Vop=3.3V +0.3V, See notes 1,2) 


Test Condition : Vin/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 


-6 -7 -8 

Parameter Symbol Min | lex Mk ii'geeee eames clase | Units ts 
Random read or write cycle time | tRC 110 130 150 ns 
Read-modify-write cycle time trwc | 155 185 , 205 ns 
Access time from RAS tRAC [ 60 TOA 4 80 | ns | 3,4,11 
Access time from CAS tCAc, 15 20 20; ns 3,4,5 
Access time from column address [_ taa 30 35 40; ns 3,11 
CAS to output in Low-Z tCLz 0} 0 . 0 ns 3 
Output buffer turn-off delay tOFF 0 15 0 20 0 20; ns [| 7 
Transition time (rise and fall) tT 3 50 3 | 50 3 | 50 | ns 2 
RAS precharge time tAP 40 50 60 -| ons 
RAS pulse width TtRAS 60 | 10,000 70 | 10,000 80 | 10,000} ns 
RAS hold time tRSH 15 20 20 ns 
CAS hold time tCSH 60 70 80 ns 
CAS pulse width tcas 15 | 10,000 | 20); 10,000; 20 10,000) ns 
RAS to CAS delay time tRCD 20 45 20 50} 20 60] ns 4 
RAS to column address delay time tRAD 15 30 I 15 35 15 | 40 | ns [ 11 
CAS to RAS precharge time tcRP 5 5 |. | 5 |_ns 
Row address set-up time tASR 0 0 . 0 ns 
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AC CHARACTERISTICS (Continued) 


re eee ee 
Parameter 


Row address hold time jm | wo] | of | of fs | 
Column aderess set-up time jus | of | of | of [as] | 


Column address hold time tcan | 10 15 5{ | nn] | 
Column address hold time referenced to RAS tar 45 55 60 | ns | 6 | 
Column address to RAS lead time * tral | 30 35 


Read command set-up time | tres | 0 
Read command hold time referenced to CAS | trcy | 0 


Read command hold time referenced to RAS 0 
Write command hold time 2 15 
Write command hold time referenced to RAS 55 | | sons | 


twcr 
Write command pulse width | 


Write command to RAS lead time trwe | 15 20 | | ao | 

Write command to CAS lead time tCWL 15 20 20 pa 

Data set-up time tbs 0 0 0 

Data hold time tDH 10 15 15 — 
4 


Data hold time referenced to RAS tbHR 
Refresh period (Normal DRAM only) 


Refresh period (Low power & Seif Ref.) 


tREF 

tREF xe 
Refresh period (Super Low power) | trer | | 256 256 
Write command set-up time twcs i 


CAS to W delay time tcwo | 40 50 
al 
RAS to W delay time trwo | 85 100 110 


— | os 
o}o 


Column address to W delay time tawo 
CAS set-up time (CAS-before-RAS refresh) 
{CHR 


n 


CAS hold time (CAS-before-RAS refresh) 10 15 15 

RAS to CAS precharge time tRPC 5 5 5 

CAS precharge time (C-B-R counter test cycle). tCPT 20 30 30 

Access time from CAS precharge tCPA 3 
Fast Page mode cycle time tPc ns 
Fast Page mode read-modify-write cycle time tPRWC 

CAS precharge time (Fast Page mode) tcp 

RAS pulse width (Fast Page mode) tRASP 

RAS hold time from CAS precharge tRHCP 

OE access time tOEA 

OE to data delay foED 

Output buffer turn off delay time from OE tOEz 
| OE commend hold time fOEH 
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AC CHARACTERISTICS (Continued) 


Parameter 


Write command set-up time (Test mode in) 


Write command hold time (Test mode in) 
W to RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 

RAS pulse width (C-B-R self refresh) 
RAS precharge time (C-B-R self refresh) 
CAS hold time (C-B-R self refresh) 


TEST MODE CYCLE (Note.12) 
Parameter Symbol; = z + = ul 4 - : | Units | Notes 

Min; Max , Min| Max | Min; Max ; 

Random read or write cycle time tRC 115 135 ‘| 155 ns | 

Read-modify-write cycle time trwe 190 210 ns 

Access time from RAS tRAC 75; | ~—85|_sons | 3,4,11 

Access time from CAS 25 25} ns | 3,4,5 

Access time from column address Hie 40 AS) ns 3,11 

| RAS pulse width 65 | 10,000) 75 10,000 | 85 | 10,000; ns 

CAS pulse width tcas 10,000} 25] 10,000}; 25] 10,000| ns 

RAS hold time tRSH 25 | 25 ns 

CAS hold time tCSH 65 75 I 85 ns | 

Column address to RAS lead time tRAL 35 40 45 ns 

CAS to W delay time tewo | 45 | . 55 55 | ns. 8 

RAS to W delay time tRWD 90 105 1 15 | ns 8 

Column address to W delay time tawD 60 70 75 |_ns 

Fast Page mode cycle time | tec 45 | 50 55 | ns 

Fast Page mode read-modify-write cycle time | tPRWC | 90; 105 | 110 ns 

RAS puise width (Fast Page Mode) _tRASP I 65 | 200,000, 75 | 200,000| 85 | 200,000 ns 

Access time from CAS precharge __tcpa : is 40 | i 45 50| ns 3 

OE access time _toEA ss ss 20 | i 25 | | 25| ns 

OE to data delay toed 20) 25 | ; , 25) ns 

OE command hold time — toeH 20 25 oa ns 
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NOTES 


1, 


fo>) 


An initial pause of 200s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. Vin(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max)- are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 100pF and 


Voh=2.0V(louT=2mA), Voi=0.8V(louT=2mA) 


. Operation within the trco(max) limit insures that 
tRac(max) can be met. tRcp(max) is specified as a - 


reference point only. If trcp is greater than the 
specified tRCD(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tcp > tRcb (max). 
. taR, twCR, tOHR are referenced to tRaD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VOH or VoL. 


. twcs, tRwb, tcwod and tawpd are non restrictive 


operating parameters. They are included in the 


data sheet as electric characteristics only. If twcs > 


twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwp(min), trwo > 
trRwo(min) and tawD>tawp(min), then the cycle is a 


10. 


11. 


12. 
13. 


14, 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max) limit insures that 
trRac(max) can be met. trap(max) is specified as a 
reference point only. If trap is greater than the 
specified tRaD(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of tRAc, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

toFF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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TIMING DIAGRAMS | 
READ CYCLE 
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TIMING DIAGRAMS (continued) 
WRITE CYCLE (EARLY CYCLE) 


. tras 
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TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 


tre 


tar 


taco ro tas 
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TIMING DIAGRAMS (continuea) | 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (ontinueq) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 
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CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 


RAS 


CAS: 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version). 
NOTE: W, OE, A=Don't Care , 
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TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE tap 
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TIMING DIAG RAMS (Continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 


Vi 


Pe 


DQ,-DQ; y 


_TEST MODE DESCRIPTION 


The KM44V4000A/AL/ALL/ASL is the RAM organized 
4,194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and A1 are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1"s or "O"s) the D/Q pin indicates a "1". If they were 
not equal, the D/Q pin would indicate a "0". In "Test 


tac 


tap 
tras 


ARRAY 


LAALZ\ L\ 


KKK KKK 


DMAALADLALN LINDA LAAAS 


OPEN 


Lo DON’T CARE 


Mode", the 4M x4 DRAM can be tested as if it were a 
1Mx4 DRAM. W, CAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into "Test Mode". And "CAS- 
BEFORE-RAS REFRESH CYCLE" or "RAS-only Refresh 
Cycle" puts it back into "Normal Mode". The "Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 


ee” 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 


0.012 (0.30) 


0.340 (8.64) 
0.008 (0.20) 


0.295 (7.49) 
0.305 (7.75) 


bed) Eehetes 
0.670 (17.02) ] 0.128 (3.25) 
0.680 (17.27) ; 0.145 (3.68) 


C)Y| 0.004(0.1) 


|__0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 


TYP 
=a |S 


0.298 (7.57) 
0.302 (7.67) 
0.324(8.22) 

0.359 (9.12) 
0.367 (9.32) 


0.671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


Be 
= 0.048 (1.22) 0.012 (0.30) | | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 
0.016 (0.40) | 
0.024 (0.60) 
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KM44V4000A/AL/ALL/ASL  _ CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


0.025(0.64) 
MIN 


| 


6 alg BIS _ 
ro) slo Slm & 
= Sl5 Sl= oo 
8 OIQ2Q3IS F 
+ tit oO 
Oo Ojo o\o & 


0.144(3.66) 
MAX 


0.050(1.27) 
MAX 


0.03 (0.80) 


CY! 0.004(0.1) 
0.050(1.27) 
TYP 


0.015(0.38) » 4 
0.021(0.53) 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 


0.398 (10.11) 
0.402 (10.21) 
0.459 (11.66) 
0.467 (11.86) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


iO! 0.003 (0.08) 


F 
= 0.048 (1.22) 0.012 (0.30) | | 
- 0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) | | 
0.024 (0.60) 
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KM44V4100A/AL/ALL/ASL 


CMOS DRAM 


4M x4 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


* Performance range: 


KM44V4100A/AL/ALL/ASL-7 
KM44V4100A/AL/ALL/ASL-8 


« Fast Page Mode operation 

- CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

« Fast parallel test mode Capability 

* TTL compatible inputs and outputs 

» Early Write or output enable controlled write 

* Single+3.3V+0.3V power supply 

* 2048 cycles/32ms refresh (Normal DRAM) 

* 2048 cycles/128ms refresh (Low power & Self Ref.) 
* 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(IN) 


FUNCTIONAL BLOCK DIAGRAM 


GENERAL DESCRIPTION 


The Samsung KM44V4100A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bit x4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. ; 


The KM44V4100A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44V4100A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Ves Generator 


Control Vop 


Refresh Timer 
Posted 


Refresh Control 


Data in 
Buffer 


Memory Array to 
Refresh Counter 4,194,304 x 4 DQ4 
Cells 


Sense Amps & |O 


Row Address Buffer 
Col. Address Buffer 


Data out 
Buffer 


AO0~A10 


Column Decoder 


a = 
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KM44V4100A/AL/ALL/ASL _ CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM44V4100 AJ/ALJ/ALLJ/ASLJ * KM44V4100 AT/ALT/ALLT/ASLT + KM44V4100 ATR/ALTR/ALLTR/ASLTR 


/AK/ALK/ALLK/ASLK /AS/ALS/ALLS/ASLS /ASR/ALSR/ALLSR/ASLSR 
Vss Vss Vss (J 
DQ3 DQ4 DQ4 — 
DQ4 DQ3 DQ3 TJ 
CAS CAS CAS 
N.C N.C N.C 
Ag Ag Ag 
Ag Ag As 
A? A? AZ 
AG Ag As 
As As As 
Ag Ag Aa 
Vss Vss Vss 
J: 400MIL T : 400MIL(Forward) . TR : 400MIL(Reverse) 
K : 300MIL S : 8300MIL(Forward) . SR : 300MIL(Reverse) 


Pin Name Pin Function 
Ao-A10 Address Inputs 
DQi1-4 Data In/Out 

| _Vss Ground 
RAS Row Address Strobe 
CAS Column Address Strobe 
W Read/Write Input 
OE Data Output Enable 
Vop Power(+3.3V) 
N.C No Connection 
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KM44V4100A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Symbal 


Voltage on Any Pin Relative to Vss Vin, Vout 
Voltage on Vpp Supply Relative to Vss Vppb 


Storage Temperature -55 to + 150 


Power Dissipation 1 
Short Circuit Output Current 50 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Parameter 


Supply Voltage 


Vv 


Ground 


Input High Voltage 


Input Low Voltage 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol pte | a | Unt 


KM44V4100A/AL/ALL/ASL-6 100 
KM44V4100A/AL/ALL/ASL-7 7 90 aA 


Operating Current* 


(RAS and CAS Cycling @tro=min) KM44V4100A/AL/ALL/ASL-8 go | mA 
KM44V4100A 2 mA 
Standby Current KM44V4100AL . 1 mA 
(RAS=CAS=W=ViH ) KM44V41 00ALL 1 mA 
, KM44V4100ASL 1 -| mA 
ora : e KM44V4100A/AL/ALL/ASL-6 100 mA 
ee en. KM44V41 00A/AL/ALL/ASL-7 - | 90 | ma 
ICASSVI, ROD Cycling @tnC mt) KM44V41 00A/AL/ALL/ASL-8 go | mA 
. KM44V4100A/AL/ALL/ASL-6 80 mA 
Sv OHS, Address Cycling @tpc=min.) NEA allt ce Pc 7 ihe Le 
| KM44V4100A/AL/ALL/ASL-8 [ 60 mA 
KM44V4100A 1 mA 
Standby Current KM44V4100AL _ 300 HA 
(RAS=CAS=W=Vpp-0.2V) “KM44V4100ALL 200 | 4#A 
KM44V4100ASL 200 HA 
CS eh Cre Seon Sie 
Reed Cae Cyan ee KM44V41 00A/AL/ALL/ASL-8 80 | mA 
Battery Back Up Current Average Power Supply Current, | 
Battery Back Up Mode, Input High Voltage (ViH}=Vpp-0.2V 
Input Low Voltage (ViL)=0.2V CAS=CAS-Before-RAS Cycling Lae: - ae 5 ; 
or 0.2V Din=Don't Care Trc=62.54S(L-Ver) i 
125uS(SL-Ver), TRas=Tras min.~300ns : 
Self Refresh Current 
RAS=CAS=0.2V 
W=OE=Ao-A1o =Vo-0.2V or 0.2V eee aa 
DQ1~DQ4=Vpp-0.2V, 0.2V or Open 
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KM44V4100A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continuea) 


(Recommended operating conditions unless otherwise noted) 


Parameter 


Input Leakage Current 
(Any input O< VIN <Vop+0.3V, all other pins not under test=0 volts.) 


Output Leakage Current i Ag 
(Data out is disabled, OV<VouT<Vpp) 0 


Output High Voltage Level (loH=-2mA) VOH 


Output Low Voltage Level (loL=2mA) 


“NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and !cc3, Address can be changed maximum 
two times while RAS=VIL. In Icca, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1=25°c, Voo=3.3V, f=1MHz) 


eee eer 


Input Capacitance (Ao~A10) 
Input Capacitance (RAS, CAS, W, OE) 
Input Capacitance (DQ1~DQa4) 


AC CHARACTERISTICS (0'c<ta<70°C, Vov=3.3V£0.3V, See notes 1,2) 
Test Condition : Vin/Vil=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 


oe ee ee ee ee 
Parameter Units | Notes 
Min | Max | Min | Max | Min | Max 


110 130 150 ns 
Read-modify-write cycle time tRwc. | 155 185 205 ns | 
Access time from RAS 70 80] ns: | 3,4,11 
Access time from CAS 20 | 20) ns | 3,4,5 
Access time from column address 35 40| ns ne 3,11 
CAS to output in Low-Z 0 ns 3 
Output buffer turn-off delay 20 0 20) ns 7 
Transition time (rise and fall) 50 3 50] ns 2 
RAS precharge time 60 ns 
RAS pulse width 10,000 L_ 80 10,000 [ ns 
RAS hold time 20 ns 
CAS hold time 80 | ns 
CAS pulse width 10,000 | 20] 10,000] ns 
RAS to CAS delay time 50| 20 60| ns 4 
RAS to column address delay time — 35} 15 40; ns 11 
CAS to RAS precharge time ns | 
Row address set-up time 0 ns 
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KM44V4100A/AL/ALL/ASL CMOS DRAM 
AC CHARACTERISTICS (Continued) ~ 
Parameter Symbol; —+ : : + ie - 2 Units | Notes 
‘| Min; Max | Min) Max : Min. Max 

Row address hold time tRAH 10 10 I 10 ns 

Column address set-up time tasc 0 0 | 0 ns 

Column address hold time tCAH 10 15 15 | ns 

Column address hold time referenced to RAS tar 45 55 60 ns 6 
Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRcs 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 ns 9 
Read command hold time referenced to RAS tRRH 0 0 0 ns [ 9 
Write command hold time tWCH 10 | 15 15 ns 

Write command hold time referenced to RAS twcR 45 55 60 ns 6 | 
Write command pulse width twp 10 15 15 ns 

Write command to RAS lead time tRWL 15 20 20 | ns 

Write command to CAS lead time tCWL 15 20 20 ns 

Data set-up time tos 0 | 0 0 ee oe 10 
Data hold time toH 10 15 15 ns 10 
Data hold time referenced to RAS tDHR 55 60 ns 6 
Refresh period (Normal DRAM only) ter | | 32 32 32| ms 

Refresh period (Low power & Self Ref.) tREF | | 128 128 128/ ms 

Refresh period (Super Low power) tREF | 256 256 256]; ms 

Write command set-up time twcs 0 0 | | 0 [ns 8 
CAS to W delay time tcwo | 40 50 50 ns 8 
RAS to W delay time tRWD 85 100 110 | ns 8 
Column address to W delay time tawD 55 65 70 ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsR 10 |_ 10 10 ns 

CAS hold time (CAS-before-RAS refresh) tCHR 10 15 | 15 ns 

RAS to CAS precharge time’ taPc 5 5 5 ns 

CAS precharge time (C-B-R counter test cycie) tCPT 20 30 30 | ns 

Access time from CAS precharge tcPA 35 40 45| ns { 3 
Fast Page mode cycle time tPc 40 | 45 50 {| fs. 

Fast Page mode read-modify-write cycle time tprwc; 85 100 105 ns 

CAS precharge time (Fast Page mode) tcp 10 10 10 ns 

RAS pulse width (Fast Page mode) tRASP 60 | 200,000 | 70 | 200,000 | 80 | 200,000} ns 

RAS hold time from CAS precharge tRHCP | 35 40 | 45 {ns | 

OE access time tOEA 15 20 20; ns 

OE to data delay toeD 15 i 20 20 | ns | 

Out put buffer turn off delay time from OE | toez 0 15 0 20 0 20} ns eee 
OE commend hold time tOEH 15 20 20 ns 
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KM44V4100A/AL/ALL/ASL 


CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Parameter 


Write command set-up time (Test mode in) 


Write command hold time (Test mode in) 
W to RAS precharge time (C-B-R refresh) 


Units | Notes 


W to RAS hold time (C-B-R refresh) twRH | 40 10 10 
RAS pulse width (C-B-R self refresh) tRASS | 100 | 100 100 HS 15 
RAS precharge time (C-B-R self refresh) trps | 110 130 150 ns 15 
CAS hold time (C-B-R self refresh) tcus | -50 -50 ns 15 
TEST MODE CYCLE (Note.12) 
Parameter Symbol Se ew aoe eres ee Units | Notes 
Min; Max | Min; Max {| Min! Max 

Random read or write cycle time ns 
Read-modify-write cycle time ns 

Access time from RAS 85| ns | 3,4,11 
Access time from CAS 25| ns 
Access time from column address 45| ns 3,11 
RAS pulse width 10,000; 75] 10,000; 85] 10,000; ns 

CAS pulse width 10,000] 25| 10,000] 25} 10,000| ns 

RAS hold time 20 25 25 ns 

CAS hold time 75 |_ 85 i ns 

Column address to RAS lead time 40 oe 45 lease | 

CAS to W delay time 55 55 | ns 8 
RAS to W delay time 105 115 ns. 8 
Column address to W delay time aa 70 Bic ns 

Fast Page mode cycle time 50 55 ns 

Fast Page mode read-modify-write cycle time 105 110] ns if 

RAS pulse width (Fast Page Mode) 200,000) 75 | 200,000); 85 | 200,000; ns 

Access time from CAS precharge 40 45 50 ns | 3 
OE access time 20 25 25| ns 

OE to data delay 25 25 | ns 

OE command hold time 25 25 ns 
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KM44V4100A/AL/ALL/ASL 


CMOS DRAM 


N 
‘ 


OTES 


. Aninitial pause of 200s is required after power-up 


followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


2. Vik(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and Vit(max) are 
assumed to be 5ns for all inputs. 


3. Measured with a load equivalent to 100pF and 


Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) 


4. Operation within the tacD(max) limit insures that 


tRac(max) can be met. tRcD(max) is specified as a 
reference point only. If trcp is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 


5. Assumes that tRcD >trcp (max). 
6. tar, twcr, tbHR are referenced to tRAD(max). 
7. This parameter defines the time at which the 


output achieves the open circuit condition and is _ 


not referenced to VOH or VOL. 


. twcs, trwo, tcwD and tawD are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcowo>tcwo(min), tawo > 
trwo(min) and tawp >tawp(min), then the cycle is a 


10. 


11. 


12. 
13. 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. 


These parameters are referenced to the CAS 


leading edge in early write cycles.and to the W 
leading edge in read-write cycles. 

Operation within the tRaD(max) limit insures that 
trRac(max) can be met. tRaD(max) is specified as a 
reference point only. If trap is greater than the 
specified tRAo(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters shouid be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

toFF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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KM44V4100A/AL/ALL/ASL GMOS DRAM 


TIMING DIAGRAMS 
READ CYCLE 


p 
RAS tan 
| tore tasH ; 
CAS Vin = C00, \— toas Alp, 
ee | . 


m= RP oe LWOCENOONNONSNTON 
1 — OK aches DY ea OD 


oa 


> 


LLNALNAN ZN 
trap AL ter 


trcH 


KR 


tacs 


WO ORO || 


=| 


at Vin — PYVVVV AAV V VV YV 
oe KIN 


Vi —- LYN DDAAALNSL VAAN 


AY YK XY YY XK KYY 
EERO 


trac 
: Vou | AY 
DQ,-DQ, Ea —— open KOX VALID DATA-OUT » 
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teuz 
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KM44V4100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS £(continuea) 
WRITE CYCLE (EARLY CYCLE) 


at Vin 


Vi 


- Pee 


tasr tray 


Sf tf pe 

Vo - fYVY Y YYY YY VV VY YY Y 

RS 8 EEN MEIER IUNICH 
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: OAK K KAKA XND 
me 


\\ 
Vn — YYWVVV WI/V/ |_| 
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Vi — YA AL 
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| RWL 
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| Me RRR RRR I IO 


tox 


DQ;-DQ, : (| VALID DATA-IN 
wo 


tour 
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. t 
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TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 


tawc 


tras 


torp 
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= TRE NE 


trp 


pe eet re 
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KM44V4100A/AL/ALL/ASL 


CMOS DRAM 


TIMING DIAGRAMS £(continuea) 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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KM44V4100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS continued) 


RAS-ONLY REFRESH CYCLE 
_ Note: W, OE = Don't care 


RAS 
CAS 


nA row ano KAA EID 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 


RAS 


CAS 


| torr 
ViioH — : ; 
DQ-DQ, Wo, — oa lO 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 


ViH 
Vit — 


RAS 
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KM44V4100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS 6 continuea) 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE | ~ 
ae Ks tosr , exe VV 
te 5 
n _**~ RPRYEREXRERERERER ERED SSIRIIRRNRNRNERY. 
1. RRR) {seuss OOOOH 
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CMOS DRAM 


TIMING DIAGRAMS (Continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 


ca Vin — 
RAS 
Vi = 
ae Vin — 
CAS 
Vi 
wW Vin XXX YK XXX KX 
WwW 
Vir RLY 
torr 
potas. 
Vor — 


TEST MODE DESCRIPTION 


The KM44V4100A/AL/ALL/ASL is the RAM organized 
4,194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and Ai are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1{"s or "O"s) the D/Q pin indicates a "1". If they were 
not equal, the D/Q pin would indicate a "0". In "Test 


LEKKI) 


ARK KXAN 


LA 


x? 
IY, 


AN AN AN AN AN AV AX 


OPEN 


Re DON’T CARE 


Mode", the 4M x 4 DRAM can be tested as if it were a 
1Mx4 DRAM. W, CAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into "Test Mode". And "CAS- 
BEFORE-RAS REFRESH CYCLE" or "RAS-only Refresh 
Cycle" puts it back into "Normal Mode". The "Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 
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KM44V4100A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 


Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


: 


0.305 (7.75) 
0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 
0.340 (8.64) 
0.008 (0.20) 
0.012 (0.30) 


0.295 (7.49) 


0.670 (17.02) 0.128 (3.25) 
0.680 (17.27) 7 0.145 (3.68) 


0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 


0.367 (9.32) 


0.324(8.22) 
0.359 (9.12) 


0.298 (7.57) 
0.302 (7.67) 


0.671 (17.04) 
0.679 (17.24) 


0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


ae TT a 
Speoscor] UEAHAHEAHHAAAD 


= 0.048 (1.22) coon | | 
0.052 (1.32) 0.020 (0.50) | 0.037 (0.95) 
TYP 
0.016 (0.40) | 
0.024 (0.60) 
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KM44V4100A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS | 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


| 0.025(0.64) 


pad Bes, 
i 
z 


Ok 
: io} 
Bia Sir a 
O10 S5Iln Oo 
3/2 318 © 
a ae ) 
C}P ajo S| 

o!} 


nine - 


7 7 0.725(18.42) eal : | 0.144(3.66) 
i T MAX 
= T I T 
CY! 0.004(0.1) 


0.050(1.27) 1 0.015(0.38) | | oaeose | 
TYP. || 0.021(0.53) aes 


0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
- (400MIL, Forward and Reverse Type) 


0.03 (0.80) 


0.423 (10.76) 


0.467 (11.86) 


0.723 (18.36) 
0.727 (18.46) 


0.005 (0.13) 
0.008 (0.20) 


ewer ja a ia ial a [ a age 


| [oo 0.012 oso L L 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) [ “1 
0.024 (0.60) 
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_ KM44V4004A/AL/ALL/ASL 


MOS DRAM 


4M x4 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


¢ Performance range: 


ne Tae [me [oe 
[ATOR [ens [Tw [Hts | P| 


¢ Fast Page Mode with Extended data out 

¢ Self Refresh Operation (LL-ver. only) 

« CAS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

‘© LVTTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

« Single+3.3V + 0.3V power supply 

¢ 4096 cycles/64ms refresh (Normal) 

« 4096 cycles/128ms refresh (Low power & Self Ref.) 
« 4096 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

» Available in plastic SOJ and TSOP(II) 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


GENERAL DESCRIPTION 


The Samsung KM44V4004A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44V4004A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44V4004A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vop 
Vss 


Ves Generator 


Refresh Timer 


Refresh Control 


Refresh Counter 
Row Address Buffer 


Col. Address Buffer 


A0~A11 —+—4 


AO0~AQ 


Column Decoder 


Data in 
Buffer 


Memory Array 
4,194,304 4 
Cells 


Sense Amps & lO 


Data out 
Buffer 


ea 
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KM44V4004A/AL/ALL/ASL CMOS DRAM 


PIN CONFIGURATION (Top Views) 


« KM44V4004 AJ/ALJ/ALLJ/ASLJ + KM44V4004 AT/ALT/ALLT/ASLT +» KM44V4004 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK ASR/ALSR/ALLSR/ASLSR 


AS/ALS/ALLS/ASLS 


J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) - 
K : 3OOMIL S: 300MIL(Forward) SR : 300MIL(Reverse) 


Power(+3.3V) 
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KM44V4004A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


aeons aan ee 
Voltage on Any Pin Relative to Vss -0.5~ 4.6 


Voltage on Vpp Supply Relative to Vss | vo 
Power Dissipation 


7 ee ee 
Short Circuit Output Current a ee ae ae 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS — referenced to Vss, TA=0 to 70°C) 


Storage Temperature 


Operating Current* 
| (RAS and CAS Cycling @trc=min.) 


Standby Current 
(RAS=CAS=W=Vin ) 


RAS-Only Refresh Current* 
(CAS=Vin, RAS Cycling @trc=min.) 


Hyper Page Mode Current* 
(RAS=Vit, CAS, Address Cycling @tec=min.) 


Standby Current 
(RAS=CAS=W=Vpp-0.2V) - 


CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trc=min.) 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (Vin)=Vop-0.2V 
Input Low Voltage (Vi)=0.2V CAS=CAS-Before-RAS Cycling 
or 0.2V DQi~DQ4=Don't Care tac=31.25us(L-Ver) 
62.5us(SL-Ver), tRas=tras min.~300ns 


Self Refresh Current 
RAS=CAS=0.2V 
W=OE=Ao-A11=Vop-0.2V or 0.2V 
DQi~DQ4=Vop-0.2V, 0.2V or Open 


a” 
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KM44V4004A/AL/ALL/ASL-6 
KM44V4004A/AL/ALL/ASL-7 
KM44V4004A/AL/ALL/ASL-8 


KM44V4004A 
KM44V4004AL 
KM44V4004ALL 
KM44V4004ASL 


KM44V4004A/AL/ALL/ASL-6 
KM44V4004A/AL/ALL/ASL-7 
KM44V4004A/AL/ALL/ASL-8 


KM44V4004A/AL/ALL/ASL-6 
KM44V4004A/AL/ALL/ASL-7 
KM44V4004A/AL/ALL/ASL-8 


KM44V4004A 
KM44V4004AL 
KM44V4004ALL 
KM44V4004ASL 


KM44V4004A/AL/ALL/ASL-6 
KM44V4004A/AL/ALL/ASL-7 
KM44V4004A/AL/ALL/ASL-8 


KM44V4004AL 
KM44V4004ASL 


KM44V4004ALL 
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KM44V4004A/AL/ALL/ASL 


CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


Input Leakage Current 


Parameter 


(Any input O< VIN <VoD+0.3V, all other pins not under test=0 volts.) 


Output Leakage Current 


(Data out is disabled, OV<Vout<Vob) ot | so sad re 
Output High Voltage Level (loH=-2mA) VOH 2.4 - Vv 
Output Low Voltage Level (loL=2mA) VoL - 0.4 V 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. in Icc4, Address can be changed maximum once within one Hyper Page cycle. 


CAPACITANCE (ta=25°c, Vov=3.3V, f=1MHz)) 


Input Capacitance (Ao~A11) 


a ee ee eee 


Input Capacitance (RAS, CAS, W, OE) 


Output Capacitance (DQ1~DQa) 


AC CHARACTERISTICS (°c<tTa<70°C, Vov=3.3V+0.3\, See notes 1,2) 
Test condition: Vin/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 


6 -7 -8 
Parameter Symbol Units | Notes 
Min | Max | Min | Max_| Min | Max_| 

Random read or write cycle time | tre 110 130 | 150 ns : 
Read-modify-write cycle time trwc | 155 185 205 ns 
Access time from RAS _ tRAC 60 70 80} ns | 3,4,11 
Access time from CAS tcac 15 | 20 20; ns | 3,4,5 
| Access time from column address taA 30 | | 35 40; ns 3,11 
CAS to output in Low-Z tclz 3 3 3 ns 3 
OE to output in Low-Z . tolz 3 3 Bei 3 ns 3 
Output buffer turn-off delayfrom CAS tCEZ 3 15 3 3 20} ns | 7,1 ie) 
Transition time (rise and fall) tr 2 50 2 2 50] ‘ns 2 
RAS precharge time tRP 40 0 | 60 ns 
RAS pulse width tras | 60 | 10,000] 70 | 80 | 10,000 
RAS hold time tRSH 15 20 
CAS hold time tCSH 45 60 ns at 
CAS pulse width tCAS 10 |. 10,000 20 | 10,000} ns 
RAS to CAS delay time tRCD 20 45 20 | als 4 | 
RAS to column address delay time tRAD 15 30 15 | 35 15 40 | ns 11 
CAS to RAS precharge time tcrP 5 5 s| ssn 
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AC CHARACTERISTICS (Continued) 


a 


Row address set-up time a ae a 


Row address hold time 10 

Column address set-up time > tase 8} 4. — 
Column address hold time tCAH | wo] | wf | wl [nfl | 
Column address hold time referenced to RAS tar | a5; | ssj. =| oo] )~—S sd ns | | 
Column address to RAS lead time ‘tan | 30; | a5 | aol | ns | 
Read command set-up time trcs ee a eae | ee 
Read command hold time referenced to CAS tRCH ff 
Read command hold time referenced to RAS tRRH Poe 2 
Write command hold time twWCH 15 Pt aes 
Write command hold time referenced to RAS twcR 55 ff eof ~—Sidt rs | 8 | 
Write command pulse width twe 15 Tf ast fs | 
Write command to RAS lead time tRWL | | an | 


Write command to CAS lead time 


Data set-up tine 
tow | 


Data hold time 


Data hold time referenced to RAS 
Refresh period (Normal) 


Refresh period (Low power & Self Ref.) 
Refresh period (Super Low power) ltr | | 256] | 256] | 256] ms | 
"| Write command set-up time twes naan ee Rares 
CAS to W delay time tcwD 40 | | so 50 ns 8 

RAS to W delay time trwo | 85 || 400 | 110 | ns 


8 
Column address to W delay time tawD | 55] | 70 ns 8 
CAS precharge to W delay time tcPpwD | 60, 75 | ns | 38 | 
CAS set-up time (CAS-before-RAS refresh) tesa | 10 10 — ns 
[tom | 10 | 
tRec 
20 


o 
2) 
m 
Th 


CAS hold time (CAS-before-RAS refresh) 
RAS to CAS precharge time 


CAS precharge time (C-B-R counter test cycle) tcpT 


Access time from CAS precharge tCPA 


Hyper Page cycle time tHPC 24 


Hyper Page read-modify-write cycle time tHprwc| 71 fl esf 96 ns 

CAS precharge time (Hyper Page cycle) fice | wl - | | | | | me] | 

RAS pulse width (Hyper Page cycle} tRasp 2 200,000! 70 Boe 000| 80] 200,000) ns 
35 


RAS hold time from CAS precharge tRHCP 
OE access time | _| 104 Hy 18 ieee ee 
OE to data delay too | 15 i) ee ee 
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KM44V4004A/AL/ALL/ASL 


CMOS DRAM 


AC CHARACTERISTICS (continued) 


-7 8 
Parameter 
Min | Max | Min| Max 
Output buffer turn off delay time from OE tOEZ 3 15; °3 20 3 20 | ons | 7,14 | 
OE commend hold time tOEH 15 20 20 | ns | | 
Write command set-up time (Test mode in) twTs 10 10 10 ons | 
Write command hold time (Test mode in) tWTH 10 10 
W to RAS precharge time (C-B-R refresh) twrP 10 10 
W to RAS hold time (C-B-R refresh) twRH 10 10 ns 
| Output data hold time tDOH 5 5 ns 7,16 
= eee eee | 
OE to CAS hold time tOCH 5 5 | ns 
CAS hold time to OE | tcHO 5 5 ns 
OE precharge time toEP 5 5 ns 
es Lo 
W pulse width(Hyper Page cycle) al twPE 5 | 5 ns 
Output buffer turn off delay from RAS tREZ 15 3 20 S 20} ns | 7,14,16 
= aes 1 

Output buffer turn off delay from W twez 15 3 20 3 20; ns 7,14 
aa) DV peal ————3| 
W to data delay tWeED 20 20 ns 

+ 4 oy 
RAS pulse width (LL-Ver) trass 100 100 HS 15 
RAS precharge time (LL-Ver) taps 130 150 ns 15 
CAS hold time (LL-Ver) tCHS | so] | sof -50 ns 15 
TEST MODE CYCLE (Note.12) 


tino 


ELECTRONICS 


Parameter 
Random read or write cycle time 
Read-modify-write cycle time 
Access time from RAS 
Access time from CAS 
Access time from column address 
RAS pulse width 10,000} 75, 10,000; 85); 10,000| ns 
CAS pulse width 10,000} 20} 10,000; 25] 10,000} ns 
RAS hold time 25 | 25 ns 
CAS hold time 55 - 65 |_ns 
Column address to RAS lead time 40 | 45 [ ns | 
CAS to W delay time ;__55 55 ns 8 
RAS to W delay time 105 115 ns 8 
Column address to W delay time 70 75 ns i aa 
Hyper Page mode cycle time 34 39 ns 
Hyper Page mode read-modify-write cycle time 91 101 | _|_ As Z| 
RAS pulse width (Hyper Page Mode) 65 | 200,000! 75 ; 200,000! 85/ 200,000; ns 
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KM44V4004A/AL/ALL/ASL 


CMOS DRAM 


TEST MODE CYCLE (Continueq) 


Parameter 


Access time from CAS precharge 


OE access time tOEA 


OE to data delay : toED 


OE command hold time 


TEST MODE DESCRIPTION 


The KM44V4004A/AL/ALL/ASL is the CMOS DRAM 
organized 4,194,304 words by 4 bit internally organized 
1,048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the 
same way. Column address bit Ao is not used. If upon 
reading, two bits on one I/O pin are equal (all "1" or 
“O"s) the I/O pin indicates a "1". If they were not equal, 
the I/O pin would indicate a "0". In "Test Mode", the 
4Mx4 DRAM can be tested as if it were a 1Mx4 DRAM. 


NOTES 


1. An initial pause of 200us is required after power-up 
followed by any 8 RAS cycles before proper device 
operation is achieved. 

2. Vin(min) and ViL(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured. between Vixn(min) and Vit(max) are 
assumed to be 5ns for all inputs, without tupc and 
tHPRWC. : 

3. Measured with a load equivalent to 100pF and 
Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) 

4. Operation within the tRcp(max) limit insures that 
trRac(max) can be met. trcp(max) is specified as a 
reference point only. If tacp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 

. Assumes that tacb >trcp (max). 

. tar, twcr, tDHR are referenced to tRaD(max). 

. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRwbd, tcwD and tawop are non restrictive 

' operating parameters. They are included in the 

data sheet-as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), tawo> 
trwp(min) and tawd =>tawp(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


NOM 


W and CAS before RAS Cycle (WCBR, Test Mode In 
Cycle) puts the device into "Test Mode", And "CAS 
before RAS Refresh Cycle" or RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test 
Mode, "W and RAS Refresh Cycle" peforms.the refresh 
operation with internal CBR refresh address counter. 
The "Test Mode" funcition reduces test time (1/4 in 
cases of N test pattern) 


9. Either tRCH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the tRap(max) limit insures that 
trRac(max) can be met. trap(max) is specified as a 
reference point only. If tRAD is greater than the 
specified tRaD(max) limit, then access time is 
controlled by taa. 

12. These specifications are applied in the test mode. 

13. In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns far the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

14. trwz(max), tcez(max), twez(max) and toez(max) 
define the time at which the output achieves the 
open circuit condition and are not referenced to 
output voltage level. 

15. 4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

16. If RAS goes high before CAS high going, the open 
circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going 

17. tasc 2 tcp(min), Assumn tt=2-0ns 


PS AMSUN a 
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KM44V4004A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS 
READ CYCLE 


=| 


DQ1-DQ4 


terp 


torp 


ey 


Viq — L_ X — = Y TVVYV iY, 
1 — OK acketlss DY —_—e, 


fo ORY [| OO 


OOO KS EERE 


XXX 
QDLALANS ALVAZ\ DADS DALAL 


be 
toez 
tREZ ; 


trac 
Veg : 
ol ras 


forz 


WY DON’T CARE 
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KM44V4004A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY CYCLE) 


tac 
‘ : trp 
AAS Vin Sta 
Vi : 
torp tcrp 
Pr tcesH ; 
Vin — XX KX bese J 
= SR ae, 
aes ie 
Fee 


Ve — DALY 


RK 


Mae = PA EL hone 
© XK alts DRY CH RG 


Vit LNAN IWAN 
ae , Vin —- YYVVVVY | WAV AY, nae) VY POI IIT 
ee pas KOCK 
are ae twor 
na tawe 
OE vi LI WA 


H VAAAADAAS DALLA AS/ MA PALTV A AK AKA AALRAAKAAALAAAASA/ 
To RRO NY 
0 TT RR VALID DATAIN RI RRR 
tour 
WRITE CYCLE (OE CONTROLLED WRITE) 


tac 


trp 


tras 


tar 
: === 
Sa Vin _ YVV\/ 
os KW Ewe 
teal tasc 


tasr 


. Ves _ YYV YY YY Y YY VY VY VY VY YY YYVY YY 
on KOON, ls KOK SERBS ROCHON 


tra 


S| 


Vu - YYVYVYVYVYYVYYYYVYVYVYYVYVYY twe oeceseesers 
We XL KKK 


TE Me _| [toe RRR 
oaoa. yD Qa otra DR KKK 
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PSimsunid . ee 
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KM44V4004A/AL/ALL/ASL _____ CMOS DRAM 


TIMING DIAGRAMS ( continueg) 
READ-MODIFY-WRITE CYCLE 


— tras _ ue 
RAS Vier = 
tere tar 
fe] taco tas ———__________~ 
Vin XXF : tcas — 
CAS Vite Ox) tasr i Pd 


Vin — VY —, A/ _ YY YY YY YY VV YY VV VV VY YY VeVYYYVYY YY 
Hv KE ROM IED conn EROS 


\ AABLAAL ZN LAALZS 
tawo cel tay ed 
tcwo we} bp — town 
i Viq — {we VYVV VV 
p»— tcac 
: = = NORE 
taa 
toca 
OE Vin RAL DPTDD)VVVID 
Ve — RIAL | ie | 
trac toez ton , 
ViiOH — w\) y 
teiz - 
HYPER PAGE READ CYCLE , 
tRASP tRP 
KS m = 2 : tRHCP 
ten ne si 
ViH — vada — cr tcas = 
CAS i _ X) trap—. 5 tcas ple = 
tasR prey tCAH L ao tREZ 
TP ea ee fae 
- WY COL. \ VV 
aA vn = XOX Ash XXL Sooatss KML soonees ) oe WES) 
ee ET Ce 
we OOO WY 
tCAC a tH tCHO 
—_ w- WWYWVyyyyyw wi YVV 
OE ate OOQQO KANE AKXX 
gees ear eee 
Das-Daw yo" ON own out XY) 2.0. { .} eX / 
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: 
ee Don't Care 


ELECTRONICS 
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TIMING DIAGRAMS continued) 
HYPER PAGE WRITE CYCLE (EARLY WRITE) 


— trasP tae 
RAS , : = . tar truce 
saad zeae tasH 
Vin — al ACS tcas \Sea\ae: tcoas tcas 
Vit 
_ tasr a F Stet 
Vin — XX hae (X X» 
x pee ae YX Gp Xx Sim 
ae 1%) VAVAVAVAVAVAV AE 
We RE Sas as Jee 


aa ERE aa ian smo MMMM 
saan, > “TDS DOO 5 


HYPER PAGE READ-MODIFY-WRITE CYCLE 
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CMOS DRAM 


HYPER PAGE READ AND WRITE MIXED CYCLE 


ViH — READ(tCAC) : 
t 
1 


ieee ae ia aa pak aaa pa 


READ(tCPA) 


WRITE READ(tAA) 


a ViH — 
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Sau 
E = 
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KM44V4004A/AL/ALL/ASL CMOS DRAM. 


TIMING DIAGRAMS £(continuea) 
HIDDEN REFRESH CYCLE (READ) . 
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HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don’t Care 


> 


OOOO OO OOO 


_CAS-BEFORE-RAS REFRESH CYCLE 
Note: OE, Address=Don't Care 


me 
> 
n 


fas bos + torr VVVYVVYVV VY 

oe es POG 

Tn EER UMNSIUUMNUNNUNNGMNINNNNy 
DQ,-DQ, _Y OY COO OOS: OPEN 
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KM44V4004A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE ted 
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= = i ra 
i al 

VSM YVYYY YYSVYY ¥ Y 

OK XXX KAY 
_ 


IN eraearaeraereerornroen 


trRH 


[@) 
7) 


© we ASO OOS OO OOOOGON, al 

READ CYCLE ‘wae iE on 
CEE (00% ORIEN TR 
uw ~ XY OXY x 

tWEZ 

=n ie AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAW, ‘io YYY i 

Be III | ARAKI 


tcez 


ee 
Vou — CA) 
va i. 


WRITE CYCLE ,,,.. | | 
nn Vin — TVPG KAARARARAAAN [vcs VVYVVVVYVYVVV YY 
LORRI ERR 


. | 
Vin — AAD YYY YYXY VY YYY YYVY Y VY YY 
ve RIKI KIKI 


Vin — YY YYVYY Y YYYVY YY VY /-— YY VY AV AV AY 
7a AOKI vat omens DKEYKRKXKG 


READ-MODIFY-WRITE noe tow. 
_ Vin — AAV KAAAAIVIY VAAN wey KIVVVVVY 
we SKY RY ALY 


| ry cae 
Rea uuunaueuuwenenne 


LVLNZ\ LABALS on 
; teiz if tos 
Vion 6 ¢ \VA/A\J\7 
PaO NO CR 


VALID DATA-OUT ~—- VALID DATA-IN 


: Kx DON'T CARE _ 
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TIMING DIAGRAMS continued) 


TEST MODE IN CYCLE 
_ Note: OE, Address: Don’t Care 


Vin — 
RAS 


S| 


AOR 


Me — I 


Vii — YAALAALA 


Vou — 
Vor — 


DQ,-DQ, OPEN 


[O24 cow cane 
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KM44V4004A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS | 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 
ia ——® 


—| — mae la 
oO}; st olo 

Sake BIS a5 aS 
a Lio B/S gis 
[=] o|;o N 

8/8 O/L Sls 8\S 
4/3 QIN S[4a S/S 
o\°0 Olio of/o o[°o 


= 
0.670 (17.02) zl 0.128 (3.25) 
0.680 (17.27) 0.145 (3.68) 


{| 


0.050(1.27) | 0.015(0.38) 
TYP 0.021(0.53) 


0.026(0.66) 
0.032(0.81) 


0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (S00MIL, Forward and Reverse Type) 


0.03 (0.80) 
TYP 


as 


0.298 (7.57) 
0.302 (7.67) 
0.367 (9.32) 


0.359 (9.12) 


0.671 (17.04) 
0.679 (17.24) 


al 0.048 (1.22) 0.012 (0.30) | 
0.052 (1.32) 0/020 (0.50) 0.037 (0.95) 


. TYP 


0.016 (0.40) [ a 
0.024 (0.60) 


0.039 (1.0) 
0.047 (1.20) 


IC] 0.003 (0.08) 
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KM44V4004A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


- | |_0.025(0.64) 
MIN 


6 aig 318 

. SO es Ae! 

2 @|B SIZ a 
= SIO sl= of - 

8 S/R a\F s 

+ a St a 

ro °o colo © 

{ Oo! 

| 

i 

| 


0.144(3.66) 
MAX 


—+— 


r 0.725(18.42) | 
amr CORA 


soil) 0.015(0.38) | : 0.026(0.66) 
TYP 0.021(0.53) 0.032(0.81) 


0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 


0:03 (0.80) 


0.723 (18.36) 


0.727 (18.46) 
0.005 (0.13) 


i 0,008 (0.20) 


[QI 0.003 (0.08) | ic o HAA AP iA HAAG 
0.048 (1.22) mare . 
0.052 (1.32) 0.020 (0.50) L 0.037 (0.95) 


- TYP 


) - 0.402 (10.21) 
eel | 
jo 
L 0.423 (10.76) : 
TYP 
___0.459(11.66) | 
0.467 (11.86) 


0.016 (0.40) Ee i 
0.024 (0.60) 
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KM44V4104A/AL/ALL/ASL 


CMOS DRAM 


4M x4 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


¢ Performance range: 


Te Pie [oe | ee 
ATTAINS | | 6m | ts | 2 
RaWAOARUALUASCT | Tr [ans [ts |Z 
WA ARURLIASA | Br | As |e | Oe 


* Fast Page Mode with Extended data out 

* Self Refresh Operation (LL-ver. only) 

- CAS-before-RAS refresh capability 

+ RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

+ LVTTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

« Single+3.3V +0.3V power supply 

* 2048 cycles/32ms refresh (Normal) 

+ 2048 cycles/128ms refresh (Low power & Self Ref.) 
* 2048 cycles/256ms refresh (Super Low power) 
« JEDEC standard pinout 

»* Available in plastic SOJ and TSOP(I) 


FUNCTIONAL BLOCK DIAGRAM 


RAS 
GAS Control 
Clocks 

WwW 


Refresh Timer 


Tae 
== 


Ao~Ato 


Vop 
Vss 
VBB Generator 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM44V4104A/AL/ALL/ASL is a high 
speed CMOS 4,194,304: bitx 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44V4104A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44V41 04A/AL/ALL/ASL is fabricated using 


, Samsung's advanced CMOS process. 


Q 
08 DQi 
Memory Array Q to 
4,194,204x4° | & | ao 
Cells o 
a 
c 
D 
Data out 
Buffer OE 


EAS Ute 


ELECTRONICS 


836 


+ KM44V4104 AJ/ALJ/ALLJ/ASLJ 


KM44V4104A/AL/ALL/ASL 


PIN CONFIGURATION (Top Views) 


¢ KM44V4104._ AT/ALT/ALLT/ASLT 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS 
Vss 
DQ4 
DQ3 


CAS 


J: 400MIL 
K : 30OMIL 


T : 400MIL(Forward) 
S: 300MIL(Forwara) 


Pin Name 


inName [Pin Function | 


ei” 
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CMOS DRAM 


* KM44V4104 ATR/ALTR/ALLTR/ASLTR 


ASR/ALSR/ALLSR/ASLSR 


Vss 
DQ4 
DQ3 

CAS 

OE 

Ag 


Ag 
A7 
Ag 
As 
Ag 
Vss 


TR : 400MIL(Reverse) 
SR : 300MIL(Reverse) 
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KM44V4104A/AL/ALL/ASL ~ CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to Vss 
Voltage on Vpp Supply Relative to Vss 


Storage Temperature ~ 
Power Dissipation 
Short Circuit Output Current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM oe _ | are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING See t= (Voltage referenced to Vss, Ta=0 to 70°C) 


Supply Voltage 
Input High Voltage 
Input Low Voltage 


Operating Current* 
(RAS and CAS Cycling @trc=min.) 


KM44V4104A/AL/ALL/ASL-6 
KM44V4104A/AL/ALL/ASL-7 
KM44V/4104A/AL/ALL/ASL-8 


KM44V4104A 
Standby Current KM44V4104AL 
(RAS=CAS=W=Vu ) KM44V4104ALL 

KM44V4104ASL 


KM44V4104A/AL/ALL/ASL-6 
KM44V4104A/AL/ALL/ASL-7 
KM44V41 04A/AL/ALL/ASL-8 


KM44V4104A/AL/ALL/ASL-6 
KM44V4104A/AL/ALL/ASL-7 
KM44V4104A/AL/ALL/ASL-8 


KM44V4104A 
Standby Current . KM44V4104AL 
(RAS=CAS=W=Vpp-0.2V) KM44V4104ALL 

KM44V4104ASL 


KM44V4104A/AL/ALL/ASL-6 
KM44V4104A/AL/ALL/ASL-7 
KM44V4104A/AL/ALL/ASL-8 


RAS-Only Refresh Current" 
(CAS=ViH, RAS Cycling @tRc=min.) 


Hyper Page Mode Current" 
(RAS=ViL, CAS, Address Cycling @trc=min.) 


CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trac=min.) 


Battery Back Up Current Average Power Supply Current, 
Battery: Back Up Mode, Input High Voltage (ViH)=Vop-0.2V 
Input Low Voltage (Vit}=0.2V CAS=CAS-Before-RAS Cycling 
or 0.2V,DQ1~DQ4=Don't Care tac=62.5us(L-Ver) 
{25us(SL-Ver), tras=tras min.~300ns 


KM44V4104AL 
KM44V4104ASL 


Self Refresh Current 
RAS=CAS=2.0V 
W=OE=A0-A10=Vop-0.2V or 0.2V 
DQ1~DQ4=Vop-0.2V, 0.2V or Open 
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KM44V4104A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continueg) 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol; Min | Max | Units 
Input Leakage Current . lit -10 és “A 
(Any input 0< Vin <VoD+0.3V, all other pins not under test=0 volts.) ay; le | Be 
er arora ere eae 
| Output High Voltage Level (loH=-2mA) VOH 2.4 - | V 
Output Low Voltage Level (lo.=2mA) , VoL hee | 0.4 V 


“NOTE: Icct, Icca, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one Hyper Page cycle. 


CAPACITANCE (1=25°C, Vov=3.3Vv, f=1MHz)) 


Input Capacitance (Ao~A1o) 


Input Capacitance (RAS, CAS, W, OE) 
Output Capacitance (DQ1~DQ4) 


AC CHARACTERISTICS (’c<ta<70°C, Voo=3.3V'+0.3V, See notes 1,2) 
Test condition: Vin/Vil=2.0V/0.8V, Voh/Voi=2.0V/0.8V, Output Loading CL=100pF 


Parameter Symbol = Z = Units | Notes 
| Min| Max | Min| Max | Min| Max 
Random read or write cycle time pe _| 150 {ons | i 
Read-modify-write cycle time ale 1 Lo ae us | ns | | 
| Access time from RAS 60 L be 70 in 80 | _ns 3,411 | 


Access time from CAS 


Access time from column address 
CAS to output in Low-Z 
OE to output in Low-Z 


| Output buffer turn-off delay from CAS 15 3| 50 i 20 ns | 714,16 
Transition time (rise and fall) 50] 2] 20 ia 50 | ns | 2 7 
RAS precharge time _ | 50} 7 6 i, ns Bt | 
RAS pulse width 10,000 | - 70 10,000 | 80 | 10.000 | ns | | 
RAS hold time | “AG i 20] iF ns | 
CAS hold time | 50 | is 60 | rat 
CAS pulse width 10,000 | 15} 10,000} 20) 10,000} ns 
RAS to CAS delay time 45| 20| 50} 20) 60| ns | 4 
RAS to column address delay time 30 | 15] 35 15 f 40) ns 11 
CAS to RAS precharge time 5 5 ns 
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KM44V4104A/AL/ALL/ASL | CMOS DRAM 


AC CHARACTERISTICS (Continued) 


-6 -7 8 
Parameter Symbol iz = Units | Notes 
i Max | Min| Max | Min| Max 
Row address set-up time tASR 0 0 ns 
Row address hold time __| tRAH | of At. 10 al ns | 
Column address set-up time tasc 0 ks [_ 0 ns _| 
= j z 

Column address hold time tCAH 15 at [ 15 Ee + 

rae i. : 
Column address hold time referenced to RAS tar | 55 co “I ns 6 
Column address to RAS lead time tRAL | 35 ie iz ul ie ‘i 

{— 

Read command set-up time _| tres | 0 if 0 ia ns | 
Read command hold time referenced to CAS |_tacH 0 | ei of |_ns 9 
Read command hold time referenced to RAS ‘s tRRH 0 | | ns 9 ] 
Write command hold time tWCH 15 ie |_ns 4 
Write command hold time referenced to RAS twcr 7 55 | eo | ns 6 

= i =P els 7 
Write command pulse width twp 15 |. 15 ns : 
Write command to RAS lead time : tRWL 20 | [ 20 ns 
Write command to CAS lead time | tCWL | 15 | at 20 ns 
Data set-up time | tps 0 | 0 0 ns 10 
Data hold time tDH | ol | 15 15 ns 10 
Data hold time referenced to RAS | {DHA | 45, 55 60 ns 6 
Refresh period (Normal) tREF ao) 32 32 32} ms 
Refresh period (Low power & Self Ref.) “tREF 128 128 128 lms | | 
Refresh period (Super Low power) 256 256 256; ms | __ el 
Write command set-up time | 0 it iF o| ns 8 
CAS toWdelay time : 50 50 | ns 8 1 
RAS to W delay time 100 al 110 ns 8 
Column address to W delay time a 65 | |_70 ns 8 | 
CAS precharge to W delay time 70 | | 75| ns 8 
CAS set-up time (CAS-before-RAS refresh) 10 | | 10] ns 
eee : eaar = ; 7 
2 ae (CAS-before-RAS refresh) 15 | _ 15 ihe ns 
RAS to CAS precharge time i 5 om | 9 | ns a 
CAS precharge time (C-B-R counter test cycle) 30 | ul 30 iL ns | fl 

= [< [i 
Access time from CAS precharge 35 | 40 45] ns 3 | 
i, ae ea 

Hyper Page cycle time - 4A 28 | 34 | ns 4 17 | 
Hyper Page read-modify-write cycle time | 86 | 96] rs 17 
CAS precharge time (Hyper Page cycle) 10 i 10 4 ; [ns 1 
RAS pulse width (Hyper Page cycle) 200,000} 70 | 200,000 i 80 | 200,000 | _ns 
RAS hold time from CAS precharge | 40 + 45 = ns 7 
OE access time . T 45 L 20 ust aul ns = 
OE to data delay , 20 20 ns 
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KM44V4104A/AL/ALL/ASL  __ GMOS DRAM 


AC CHARACTERISTICS (Continued) 


Parameter mba 


Output buffer turn off delay time from OE | toez 


OE commend hold time tOEH 
Write command set-up time (Test mode in twis 
Write command hold time (Test mode in) twTH 
W to RAS precharge time (C-B-R refresh) twrP 
W to RAS hold time (C-B-R refresh) twRH 
Output data hold time tDOH 
OE to CAS hold time tocH 
CAS hold time to OE tCHO 
OE precharge time ; toEP 
W pulse width(Hyper Page cycle) twPE 
Output buffer turn off delay from RAS tREZ 
Output buffer turn off delay from W _ twez 
we to data delay tweD 
RAS pulse width (LL-Ver) tRASS 
RAS precharge time (LL-Ver) ites | 110, | 130/ [150 oe a 
: Snagit) ___._[ tes st] _st_ st) ms 


TEST MODE CYCLE | . (Note. 12) 
ce: i ar am ad 
Parameter Symbol Units | Notes 
Min | Max | Min| Max 
Random read or write cycle time tRC 115 135 155 ns 
Read-modify-write cycle time tRWwc 190 210 ns 
Access time from RAS tRAC | 75 85} ns | 3,4,11 
Access time from CAS tcac 20 20 25 “3 | 3,4 a 
Access time from column address taa 35 40] . 45] ns 3,11 
RAS pulse width tRAS - 10,000; 75] 10,000} 85] 10,000) ns | 
CAS pulse width tcas 10,000} 20] 10,000] 25| 10 000| ns _ 
RAS hold time tRSH 25 2s ns 
CAS hold time tcsH 55 = ns ~ _| 
| Column address to RAS lead time [ow le 40 +4 ns 
CAS to W delay time tcwo 55 55 | ns 8 
RAS to W delay time tRWwD 105 we 5| [ons 8 
Column address to W delay time tawD 70 7 ran ns 8 
Hyper Page mode cycle time : “| tue thes ae ns | 
Hyper Page mode read-modify-write cycle time tHPRWC 91 101 ns 
RAS pulse width (Hyper Page Mode) tRASP 65 | 200,000} 75 200,000; 85) 200,000; ns 
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KM44V4104A/AL/ALL/ASL 


CMOS DRAM 


TEST MODE CYCLE continued) 


Parameter 


Access time from CAS precharge 
OE access time 


OE to data delay 
OE command hold time 


TEST MODE DESCRIPTION 


The KM44V4104A/AL/ALL/ASL is the CMOS DRAM 
organized 4,194,304 words by 4 bit internally organized 
1,048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the 
same way. Column address bit Ao is not used. If upon 
reading, two bits on one I/O pin are equal (all "1" or 
"0"s) the I/O pin indicates a "1". If they were not equal, 
the I/O pin would indicate a "0". In “Test Mode", the 
4Mx4 DRAM can be tested as if it were a 1Mx4 DRAM. 


NOTES 


1. An initial pause of 200us is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 

2. ViH(min) and Vit(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs, without tuepc and 
tHPRWC. 

3. Measured with a load equivalent to 100pF and 
Voh=2.0V(louT=2mA), Voi=0.8V(louT=2mA) 

4, Operation within the trcp(max) limit insures that 
trac(max) can be met. trcp(max) is specified as a 
reference point only. If tacb is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 

5. Assumes that trop > tRcp (max). 

6. tar, twcr, tbHR are referenced to tRaD(max). 

7. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twos, trwp, tcwD and tawp are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tewo>tcwo(min), tawo> 
trRwp(min) and tawo >tawp(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 

_ of the data out is indeterminate. 


ee? 
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[toss | 20] | 25) 


W and CAS before RAS Cycle (WCBR, Test Mode In 


_Cycle) puts the device into "Test Mode", And "CAS 


before RAS Refresh Cycle" or RAS Only Refresh 
Cycle" puts it back into “Normal Mode". In the Test 
Mode, "W and RAS Refresh Cycle" peforms the refresh 
operation with internal CBR refresh address counter. 
The "Test Mode" funcition reduces test time (1/4 in 
cases of N test pattern) 


9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the tRap(max) limit insures that 
trac(max) can be met. tRap(max) is specified as a 
reference point only. If tRAD is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 

12. These specifications are applied in the test mode. 

13. In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

14. tREz(max), tcEz(max), twez(max) and toez(max) 
define the time at which the output achieves. the 
open circuit condition and are not referenced to 
output voitage level. 

15. 2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

16. If RAS goes high before CAS high going, the open 
circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going 

17. tasc 2 tcp(min), Assumn tr=2.0ns 
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TIMING DIAGRAMS 
READ CYCLE 
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KM44V4104A/AL/ALL/ASL CMOS DRAM | 


TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY CYCLE) 
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KM44V4104A/AL/ALL/ASL | CMOS DRAM 


TIMING DIAGRAMS (continued) 
READ-MODIFY-WRITE CYCLE 
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KM44V4104A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
HYPER PAGE WRITE CYCLE (EARLY WRITE) 
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HYPER PAGE READ-MODIFY-WRITE CYCLE 
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KM44V4104A/AL/ALL/ASL : CMOS DRAM 


HYPER PAGE READ AND WRITE MIXED CYCLE 
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TIMING DIAGRAMS 6 continued) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 
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- TIMING DIAGRAMS continueg) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE . tae 
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TIMING DIAGRAMS 6( continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (S00MIL) Units: Inches (millimeters) 


— 0.027 (0.69) 
= MIN 


| 
| 
Penal 
i 


0.305 (7.75) 
0.260 (6.60) 


0.275 (6.98) 
0.340 (8.64) 
0.008 (0.20) 
0.012 (0.30) 


0.330 (8.38) 


a, 
0.295 (7.49) 


0.128 (3.25) 
0.145 (3.68) 


0.670 (17.02) 
0.680 (17.27) 


(an) | 0.004(0.1) 
0.050(1. _ 0.015(0.38) : | 0.026(0.66) 
TYP 0.021(0.53) 0.032(0.81) 
0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 
TYP 


i 


rie a a) a 
et ela 2&2 
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=) alz B@!e 
NN) oO o} m1 
ono) ro) o)° 
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0.671 (47.04) 
0.679 (17.24) 


0.047 (1.20) 


0.039 (1.0) 


0.005 (0.13) 
0.008 (0.20) 


Cy 0.003 (0.08) (HoH eS ESHH ESD 


ad 0.048 (1.22) 0.012 oso | 
0.082 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) 
0.024 (0.60) 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) 


‘ Units: Inches (millimeters) 


0.025(0.64) 
MIN 


S| BIBSe § 
S fo | On Io e 
| | een 
0.725(18.42) ' _| | 0.144(3.66) 
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T cE 
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0.050(1.27) a scree | L 0.026(0.66) 
TYP 0.021(0.53) | 0.032(0.81) 
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24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 
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KM48C2000A/AL/ALL/ASL CMOS DRAM 


2M x8 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES GENERAL DESCRIPTION 
« Performance range: The Samsung KM48C2000A/AL/ALL/ASL is a high 
= speed CMOS 2,097,152 bitx8 Dynamic Random 
Access Memory. Its design is optimized for high 
KM48C2000A/AL/ALL/ASL-5 50ns 13ns 90ns performance applications such as mainframes, mini 
KM48C2000A/AL/ALL/ASL-6 60ns 15ns | 110ns computers, graphics and high performance portable 
computers. 


KM48C2000A/AL/ALL/ASL-7 | 7Ons 20ns | 130ns . 
KM48C2000A/AL/ALL/ASL-8 80ns 20ns il 150ns The KM48C2000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


« Fast Page Mode operation 

« Byte Read/Write operation 

- CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 
« Fast parallel test mode Capability 

ETE compalibte inputs apd outputs The KM48C2000A/AL/ALL/ASL is fabricated using 
« Early write or output enable controlled write Samsung's advanced CMOS process 
« Single+5.0V+10% power supply , 

¢ 4096 cycles/64ms refresh (Normal) 

* 4096 cycles/128ms refresh (Low power & Self Ref.) 

« 4096 cycles/256ms refresh (Super Low power) 

+ JEDEC standard pinout 

« Available in plastic SOJ and TSOP(Il) packages 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


Vcc 
Vss 


aaa 


Refresh Control 


Data in 
Buffer | 


i, Memory Array to. 
\ Refresh Counter 2,097,152 x8 DQB 
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Sense Amps & IO 


[| Row Address Buffer 
Col. Address Buffer 


4 AO~A11 


Data out 
Buffer 


Column Decoder 


A0~A8 
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PIN CONFIGURATION (Top Views) 


* KM48C2000 AJ/ALJ/ALLJ/ASLJ * KM48C2000 AT/ALT/ALLT/ASLT ~.KM48C2000 ATR/ALTR/ALLTR/ASLTR 


Pin Name Pin Function 
Ao-A11 mi Address Inputs 
DQ1~8 {| Data In/Out | 
Vss Ground 
RAS | Row Address Strobe 
CAS Column Address Strobe — 
Ww ~ | Read/Write Input _| 
OE Data Output Enable 


Vcc Power(+5.0V) 
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" ABSOLUTE MAXIMUM RATINGS 


Parameter Rating 
Voltage on Any Pin Relative to Vss _ Vin, Vout -1to +7.0 
Voltage on Vcc Supply Relative to Vss ec -1 to +7.0 + Vv “| 
Been Temperature Tstg | -55 to + 150 + °C 
Power Dissipation Pp 1 W 
Short Circuit Output Current = los | _ 50 mA - 7 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMEN DED OPERATING CONDITIONS (Voltage referenced to Vss, TA=0 to 70°C) 


Parameter 


Supply Voltage 


Ground 


Input High Voltage 


Input Low Voltage 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 


Parameter Symbol} Min | Max | Units 
KM48C2000A/AL/ALL/ASL-5 90 mA 
Operating Current* KM48C2000A/AL/ALL/ASL-6 ae 80 mA 
(RAS and CAS Cycling @trc=min.) KM48C2000A/AL/ALL/ASL-7 70 mA 
KM48C2000A/AL/ALL/ASL-8 60 mA 
KM48C2000A 2 mA 
Standby Current KM48C2000AL ees 1 mA 
(RAS=CAS=W=Vin ) KM48C2000ALL 1 mA 
L KM48C2000ASL 1 I mA 
Pane KM48C2000A/AL/ALL/ASL-5 eis 90 mA 
RAS-Only Refresh Current* KM48C2000A/AL/ALL/ASL-6 ike 80 mA 
(CAS=Vin, RAS Cycling @trc=min.) KM48C2000A/AL/ALL/ASL-7 70 mA 
KM48C2000A/AL/ALL/ASL-8 - af — 60 {oe 
KM48C2000A/AL/ALL/ASL-5 80 mA 
Fast Page Mode Current* KM48C2000A/AL/ALL/ASL-6 6 70 mA 
(RAS=Vit, CAS, Address Cycling @tpc=min.) KM48C2000A/AL/ALL/ASL-7 60 mA 
KM48C2000A/AV/ALL/ASL-8 50 mA . 
} 
KM48C2000A i 1 | mA 
Standby Current KM48C2000AL lac 300 HA 
(RAS=CAS=W=Vcc-0.2V) KM48C2000ALL 200 | BA 
KM48C2000ASL 200 uA 
KM48C2000A/AL/ALL/ASL-5 90 mA 
CAS-Before-RAS Refresh Current* KM48C2000A/AL/ALL/ASL-6 leks ; 80 mA 
(RAS and CAS Cycling @trc=min.) KM48C2000A/AL/ALL/ASL-7 70 mA 
KM48C2000A/AL/ALL/ASL-8 60 mA 
af T 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vcc-0.2V 
Input Low Voltage(Vit)=0.2V CAS=CAS-Before-RAS asia Icc7 - Bs 7 < 
Cycling or 0.2V Din=Don't Care Trc=31.254S(L-Ver.) : 
62.5uS(SL-Ver), TRasS300ns 
859 
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DC AND OPERATING CHARACTERISTICS (continued) 


Parameter 


Self Refresh Current 
RAS=CAS=0.2V 
W=OE=Ao-A11=Vcc-0.2V or 0.2V 


| DQ1-DQs=Vec-0.2V, 0.2V or Open 


Input Leakage Current ° 
(Any input O< Vin <Vcc+0.5V, all other pins not under test=0 volts.) 


KM48C2000ALL 


Output Leakage Current 
(Data out is disabled, OV < Vout <Vcc) 


Output High Voltage Level (loH=-5mA) Vou 2.4 - V 


Output Low Voltage Level (loL=4.2mA) VOL - - 0.4 V 


*NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is’specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE ta-25°c, voc=5v, f=1MHz) 


Input Capacitance (Ao~A11) 
Input Capacitance (RAS, CAS, W, OE) 
Input Capacitance (DQi1~DQs) 
AC CHARACTERISTICS (o°c<Ta<70°C, Vcc=5.0V +0.5V, See notes 1,2) 
oe) -6 -7 -8 ; 
Parameter Symbol a wax | 7g ae a Units | Notes 
Random read or write cycle time tRC 90 110 130 __ 150 ns 
| Read-modify-write cycle time tawe | 133 195 | i: 185 205 | |_ns 
Access time from RAS tRAC 60 70 80] ns | 34,11 | 
Access time from CAS tcac ) 15 | 20 20} ns | 3,4,5: 
Access time from column address tAA 30 35 40| ns 3,14 
CAS to output in Low-Z j to 0 0 0 0| ns | 3 
Output buffer turn-off delay tOFF 0 0; 15 0 20 0 20] ns 7 
Transition time (rise and fall) le 3 3 50; 3 50 3 50; ns L 2 
_| RAS precharge time trp 30 40 im 50 60 al ns | 
RAS pulse width tRAS 50 | 10,000 | 60/ 10,000 | 70 | 10,000 | 80 10,000} ns - 
ae cle test | 13 15 — | 20 20 az aa ns 
‘AS hold time tcsH 50 60 70 80 ns 
CAS pulse width {cas 13 “15 10,000 | 20 |. 10,000 20 | 10,000 ns_| | 
RAS to CAS delay time . trcp | 20 20 45) 20 50 | 20 | 60| ns | 4 
RAS to column address delay time — tRAD 15 15 i 30 | 15 35 15 | 40} ns | een 
CAS to RAS precharge time tow | 5 5 | 5 5 | ns | 
Row address set-up time taSR 0 0 0 0 ns 
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AC CHARACTERISTICS (continued) 


Parameter 


Row address hold time 


-6 
Symbol i ] 
; Min| Max 


Notes 


Column address set-up time 


Column address hold time 


Column address hold time referenced to RAS 


Column address to RAS lead time 


Read command set-up time 


Read command hold time referenced to CAS 


Read command hold time referenced to RAS 


Write command hold time 


Write command hold time referenced to RAS 


Write command pulse width 


Write command to RAS lead time 


Write command to CAS lead time 


Data set-up time 

Data hold time 

Data hold time referenced to RAS 
Refresh period (Normal) 

Refresh period (Low power & Self Ref.) 
| Refresh period (Super Low power) 
Write command set-up time 


CAS to W delay time 


RAS to W delay time 


Column address to W delay time 


co |;co |o |o 


CAS set-up time (CAS-before-RAS refresh) 


CAS hold time (CAS-before-RAS refresh) 


RAS to CAS precharge time 


CAS precharge time (C-B-R counter test cycle) 


Access time from CAS precharge 


Fast Page mode cycle time 


Fast Page mode read-modify-write cycle time 


CAS precharge time (Fast Page mode) 


RAS pulse width(Fast Page mode) 


RAS hold time from CAS precharge 


OE access time 


OE to data delay 


Output buffer turn off delay time from OE 


OE command hold time 


a” 
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AC CHARACTERISTICS (Continued) 


= fr a a 
Write command set-up time (Test mode in) twTs | 10) | 10] {tof | 10 
Write command hold time (Test mode in) oe of} a} to _} ot ta 
We RiS padaens CP Aaiesh Ae a I ES 
Wio RAS hold time (C-B-R refresh) twRH | ol 10 | 10 i 
| RAS pulse width (C-B-R self refresh) tRASS F100} | 100/ ~~] too) =f too} Sf as | a8 | 
RAS precharge time (C-B-R self refresh) | | tees | g0| | to] | ta0| | t50] |r | 15 
CAS hold time (C-B-R self refresh) tcHs | 50] =| sof = | sof =f 0} ss | 15 


TEST MODE CYCLE (Note.12) 


Parameter ‘igs Units | Notes 


Min| Max 


Random read or write cycle time 


Read-modify-write cycle time 


Access time from RAS 
Access time from CAS 


Access time from column address 


RAS pulse width , ; 15 , 
CAS pulse wiath 18| 10,000} 20| 10,000/ 25} 10,000] 25 | 10,000] ns 
FAS hold time tow | te] | ao] | 5] | as] | | 
CAS hold time tcsH | 55 65 75 85 
= = as 
Column address to RAS lead time __|_ tRAL 30 35 40 45 
CAS to W delay time | tcwo | 41 45 | 35 | 56 | ns 8 | 
RAS to W delay time trwo | 78 90 105 415 ns 8 
ae = rea oI aI ae 
Column address to W delay time tAWD 53 60 a + 70 ts) ns 8 
, ae cae 
Fast P d let t 40 50 55 n 
ast Page mode cycle time {we 4 | i oth et 
Fast Page mode read-modify-write cycle time tprwc| 81 90 105 110 ns 
RAS pulse width (Fast Page Mode) if trasP | 55 | 200,000) 65 | 200,000 [76 200,000) 85 | 200; oe 
Access time from CAS precharge | tora 35 | 40 | ase 45 | 50 aa 3 
OE access time |_ toEA 18 ale 20 | 05 | at 25) ns i. 
OE to data delay _| toe | 18 20 | 3 [ [3 iS ns 
OE command hold time toeH | 18 20 25 | | 25 | ns 
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NOTES 

1. An initial pause of 200s is required after power-up read-write cycle and the data output will contain 
followed by any 8 CBR or ROR cycles before the data read from the selected address. If neither 
proper device operation is achieved. of the above conditions are satisfied, the condition 

2. Vid(min) and Vii(max) are reference levels for of the data out is indeterminate. 
measuring timing of input signals. Transition times 9. Either tRcH or tRRH must be Satisfied for a read 
are measured between ViH(min) and Vit(max) are cycle. 
assumed to be 5ns for all inputs. 10. These parameters are referenced to the CAS 

3. Measured with a load equivalent to 2 TTL loads leading edge in early write cycles and to the W 
and 100pF leading edge in read-write cycles. 

4. Operation within the trcp(max) limit insures that 11. Operation within the tRap(max) limit insures that 
tRAc(max) can be met. tacp(max) is specified as a trac(max) can be met. trap(max) is specified as a 
reference point only. If trcp is greater than the reference point only. If trap is greater than the 
specified trcp(max) limit, then access time is specified trap(max) limit, then access time is 
controlled exclusively by tcac. controlled by taa. 

5. Assumes that trcp >trcp (max). 12. These specifications are applied in the test mode. 

6. tar, twcR, tDHR are referenced to tRAD(max). 13. In test mode read cycie, the value of tRAc, tad, tcAc 

7. This parameter defines the time at which the is delayed by 2ns to 5ns for the specified value. 
output achieves the open circuit condition and is These parameters should be specified in test mode 
not referenced to VoH or VoL. cycles by adding the above value to the specified 

8. twcs, tRwD, tcwD and tawop are non restrictive value in this data sheet. 
operating parameters. They are included in the 14. torF(max) and toez(max) define the time at which 
data sheet as electric characteristics only. If twcs > the output achieves the open circuit condition and 
twcs(min) the cycle is an early write cycle and the are not referenced to output voltage level. 
data output will remain high impedance for the 15. 4096 cycle of burst refresh must be executed 
duration of the cycle. If tewo>tcwo(min), tawo> within 16ms before and after self refresh, in order 
tRwp(min) and tawp>tawp(min), then the cycle is a to meet refresh specification. 
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TIMING DIAGRAMS (continued) 


WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 


eae ro ote isis emcee omen TRAP eat seagate aha e pes car ee 
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Ww Vip— : AW, WX 
Vit— ——— Ta (x YM 
ltoea 
25 Vinp— ARAYA AAIYVV AV VY 6 
oF Vn CORK, | 
tcac- | tp: 
a tRAC7T Bet a pay i toH= 
: ViioH — Af VALID KYIV YY KV VV YX 
a ae ee a EE MOON 
FAST PAGE MODE READ CYCLE 
—— — — trasp — See ety ee erates OL 
RAS ie —— tar-————- : é 
Vii— 
| tpc ite RHCP 
clef ee traco-—~J tcp sae 
CAS a \\ G48 tcas tcas - { / 
IL— i 
t 
t — t ‘one r tCAH aac Neg | 
RAH A ; ASC 
Vip— sal ca 1,9, iis N (AIVVV SOCOM SAL a FI///VY ¥ 
: Ve ADD ARK ABBAS JAY aooness KNORR anoness DK) 
t 1 
a eepegg ee ae Tee 
Ww _ VJ ¢ (\ (\ 4 ‘ ] \4 . / XX XxX) 
Vit— XX YY 4taa eres ) rie \ ¢ i t “tne | x XXX X 
a ey toEA 
oe Vin~ RAYVYVYVVVY VY VeVi RVVYYVYYVY RX VVVAV/YVYY) YY ALD AA/ VV 
OE Vic OX |_ ARN | ARINC 
tcac | torr t torr 
: CAG tcac 
po = aes — togz rats lees . tow ~ ; torr 


VoH— 5 
VALID XY VALID H AY” VALID 
DQ,-BQs Vers Vy DATA-OUTY UX DATA-OUT!) tx) DATA-OUT J 


kX DON'T CARE 


ELECTRONICS 


KM48C2000A/AL/ALL/ASL  — | CMOS DRAM 


TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


|__ trp 
-tRASP- ae | 
RAS / \ 
ta trop tcp ih : _ igaleel 
CAS ] : \\ tcas \—-tcas ; \ tcas / / 
-__——--} tosH fT — tRAL 
tran | tcaH tasc |. tcaH eae 
ecaal ) ¢, at J y, aaa || VAVAVAVAVAVAVAY, 
wR V/¥ VY A/V ¥ \/ 
A WA od RY. REDRESS MARY senees PRK Aooaess KYA) 
RAD _ | towe 
| . oe! : | wes — 5 tawL—-} 
- VAVAVATAVAVAVAVAVAY ONYVY YY VV YY WCH WVVVYVYVYVYY 
vi UNO ART RATT VARA) 
ET ¢0'4'4'°0'450()" * KKK OY KV YY RK KRY YY aT AYAY AV a¥ava¥ a¥ aVa¥aava¥a'a'ava'a¥a¥e¥a"a¥av, 
oe Se OGG 
fee toH tos | ! tox tos | | tox . 
VY XY YY VX AR VALID TY YVR IMI IAI VV VV 
00,00 GO Barkin DRAM RK 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


RAS” 
CAS 
tasr H 

VaVaTAAVAVATA’, ——\ VYVAS VV YS AYY VY VVYV/Y 

A BX (KD KOR KKK 
| tRwL-—| 
t—— tcwo 
W QYKy 
OE 
p= tRAC 

DQ,-DQ,g 


XX] DON’T CARE 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 


ViH— 
RAS Vii— 
tcrP , trec 
pea Vip— 
CAS 
Vit— 


RSENS EEE EEE 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 


aces ViH— 
RAS 

Vit— 

ViH— 
CAS 

Vit 


| torr 
VuioH — 
DQ;-DQs ViloL a 4 OP EIN rere ae 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
_ NOTE: W, OE, A=Don't Care 


RAS Vin 
Vit — 
es Vi — 
CAS 
Vit 
VoH 
. DQ,-DQg, Vou 


DON'T CARE 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 


tras trp tras trp 

= Vin— ; 
RAS taR 
Vit 


tcrp 


trcp tRsH tcHR 
Viq— | 


GAS \\ 
t 
Vi- RAD 
tasc a 
tasr trax 


amttia feel 
aT YF BV’ conn KARIN RAR 


Vin VV 
ADDRESS |A WV 


SOX IAXIOX KXAN 


Vit— 
w we nat td 7 SS 
Vir— QOOXXQOO ee OAXKXXAXXAXAXAX KAXXXX AMX XA KAA 
I 
_ VIE— RAR" | toca LIKAVWYIVYYYVWY WY /YVYV\/ 
FF KARKKRARIXKOOO | NRRL 
tcac __| 
tciz toFF 
trac | | 
DQ,-DQ,  — YOH— 


VALID DATA-OUT ) 


= 2 
me 
‘ Vin— CAA A A AA AAA AU A AAW AU AU ATAU AV AV AV AV AVAVAWAW, 

ne GG 
W Vip—~ VAS AKAAAA WAV AV AV AY, \/ VAV AY, VAVAVAV, vs 

i ROY ER KR KRY 
can Vin— YYYVVYY VY AAAAAAAS YY PAASY VAV/ TAVAVAVAVAY, VY \/ V/ WaVaVaVaVs VAV, 
Fi RRR RRR KS 

‘ Vin— KAA VAY AV AVAVAW AY AV AW AW AV AW AVAWAV, AAALALAMNV/ 

parca, GGG 


toHR kX DON'T CARE 


ex” 8p 
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TIMING DIAGRAMS continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


tras 


— ViH— 
RAS 
Vit 
ae ViH— 
CAS ves 
tasc 
| i : 
Vie— Y\AAMYVYYAAYYVYYWVYVYYVYY AAI AAA AAAMAAAASY JY VVA/VY 
ENON. Mc ROHL GXN 
READ CYCLE tere | 
a , Vin— KIWI AARAWYVV YW VV . 
Fie SOOO a 
2 Viu— AAAAAAIVVIYWVAAAALDIYVAAIYIVYV VA |: 105A BIA AVIV 
OE Vw DORK RR RRR RAY 
| ae | I torr 
: = 
roomy Wr ) cae 


WRITE CYCLE Fahl 


pe tRWE 
tewL- 


_ Vin— ALANNA AJA AAAS/VYVVJ/VA Itwos . ine ! va¥a¥,¥s¥a¥a',"a¥a¥a¥a¥sVava¥a¥a¥a’avay, 
w Vie CRRA ; AKL 


Vip— AMVWVVVVYVYVVVYVYY Y VY VY VYYVWVYV YWJVVW¥VWVYW@V VV VV VV VV VVVYV VY VV V VV VV 
ev SISOS ISRO OSC ISSO IAIN XAAXK 


, Viq— | Le 
DQ,-DQg (_ OPEN ( VALID DATA-IN 
; towL 


READ-MODIFY-WRITE tawo lia sl 
—4 tcwpd 
yo Vin— VAWVYVV AYA /VVVV/VVVV Vig twp V/V AA/VVVVY 
Wi ADONIS on = ROOK 
taa 
ae Vie— AAWVVYVVYYVVYYVVYVVYVY YY VY YYW [toe - 
2c OOOO | /Lce 
tcac toez tos} | tow 

tcLz | 

00,04 “NC HE) 
VALID __/ : 
DATA-OUT 


kX DON’T CARE 
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PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


CICICICICICILCICILICICICILICL l 
fi , | | 0.026(0.66) 
0.032(0.81) 0.140(3.56) 


0.148(3.76) 


0.027(0.69) 


0.720(18.29) 
0.730(18.54) 


0.375(9.53) 


0.365(9.27) 
0.445(11.30) 


0.435(11.05) 


0.395(10.03) 
0.405(10.29) 
0.008(0.20) 
0.01 2(0.30) 


SR ae eee 
ALTA TATA PUTT SU NT 
Sareniibal| [= sven ee 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


Units: Inches (millimeters) . 


Soe) 


0.050(1.27) 
MAX 


0.740 (18.80) 0.03 i 80) 


0.459 (11.66) 
0.466 (11.86) 


0.423 (10.76) _ 


0.398 (10.11) 
. 0.402 (10.21) 


0.005 (0. L___ 0.008 10.13) 


0.008 (0.20) 


0.722 (18.36) . 
0.726 (18.46) 


ne 
LO} 0.08 max _| ee PE ee 


0.037 (0.95) | S | | 0.048 (1.22) | 0.016 (0. wo} 
0.052 (1.32) 0.020 (0.50) 


0.037 (0.95) 
0.041 (1. _{ 0.041 (1.08) 


0.016 (0.40) 
0.024 (0.60) 
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CMOS DRAM 


2M x8 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


« Performance range: 


tRAC 


KM48C2100A/AL/ALL/ASL-5 
KM48C2100A/AL/ALL/ASL-6 
KM48C2100A/AL/ALL/ASL-7 
| KM48C21 OOA/AL/ALL/ASL-8 


¢ Fast Page Mode operation 

« Byte Read/Write operation 

« CAS-before-RAS refresh capability 

¢ RAS-only and Hidden Refresh capability 

¢ TTL compatible inputs and outputs 

« Early write or output enable controlled write 

¢ Single+5.0V+ 10% power supply 

¢ 2048 cycles/32ms refresh (Normal) 

* 2048 cycles/128ms refresh (Low power & Self Ref.) 
« 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

¢ Available in plastic SOJ and TSOPi(II) 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


Ves Generator 


GENERAL DESCRIPTION 


The Samsung KM48C2100A/AL/ALL/ASL is a high 
speed CMOS 2,097,152 bit x8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM48C2100A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All , 
inputs and outputs are fully TTL compatible. 


The KM48C2100A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Refresh Timer 


Refresh Control 


Refresh Counter 
Row Address Buffer 
Col. Address Buffer 


Data in 
Buffer 


DQ1 

Memory Array 

2,097,152 x 8 
Cells 


Sense Amps & IO 


Coiumn Decoder 


eine” 
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PIN CONFIGURATION (top views) 


_ * KM48C2100 AJ/ALJ/ALLJ/ASLJ : * KM48C2100AT/ALT/ALLT/ASLT + KM48C2100 ATR/ALTR/ALLTR/ASLTR 


° 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Pin Name . Pin Function | 
“ Ao-Ato | Address Inputs x ; i | 

DQ1~8 Data In/Out 

Vss Ground 7 

RAS Row Address Strobe 

CAS | Column Address Strobe 

W |. ReadMrite input ; 

OE | Data Output Enable 

Voc | Power(+5V) = 


ELECTRONICS 


KM48C2100A/AL/ALL/ASL | CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to Vss Vin, VouT -1to +7.0 Vv 
Voltage on Vcc Supply Relative to Vss Vcc -1 to +7.0 Vv 
Storage Temperature Tstg ~55 to + 150 °C 
Power Dissipation Pb 1 W 
Short Circuit Output Current _ los 50 mA 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
' should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Parameter 


Symbol 


Supply Voltage 


L Ground Vss -0 


Input High Voltage VIH | 2.4 


Input Low Voltage 


Parameter 
KM48C2100A/AL/ALL/ASL-5 
Operating Current* KM48C2100A/AL/ALL/ASL-6 tee 
(RAS and CAS Cycling @trc=min.) KM48C2100A/AL/ALL/ASL-7 90 mA 
KM48C2100A/AL/ALL/ASL-8 
[ise ye Sm 
KM48C2100A mA 
Standby Current KM48C2100AL es mA 
(RAS=CAS=W=Vu ) KM48C2100ALL 1 mA 
KM48C2100ASL : 1 mA 
KM48C2100A/AL/ALL/ASL-5 110 mA 
RAS-Only Refresh Current” KM48C2100A/AL/ALL/ASL-6 fens ; *100 mA 
(CAS=Vin, RAS Cycling @trc=min.) KM48C2100A/AL/ALL/ASL-7 90 mA 
KM48C2100A/AL/ALL/ASL-8 mA 
KM48C2100A/AL/ALL/ASL-5 mA 
| Fast Page Mode Current” KM48C2100A/AL/ALL/ASL-6 tice 7 80 mA 
(RAS=ViL, CAS, Address Cycling @ tec=min.) KM48C2100A/AL/ALL/ASL-7 70 mA 
KM48C2100A/AL/ALL/ASL-8 60 mA 
| KM48C2100A 1 mA 
| Standby Current KM48C2100AL ies 300 LA 
(RAS=CAS=W=Vcc-0.2V) KM48C2100ALL 200 LA 
KM48C2100ASL 200 BA 
KM48C2100A/AL/ALL/ASL-5 110 mA 
CAS-Before-RAS Refresh Current* KM48C2100A/AL/ALL/ASL-6 fis mA 
(RAS and CAS Cycling @trc=min.) KM48C2100A/AL/ALL/ASL-7 mA 
KM48C2100A/AL/ALL/ASL-8 mA 
Battery Back Up Current Average Power Supply.Current, 
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V 
Input Low Voltage(ViL}=0.2V CAS=CAS-Before-RAS ae 
Cycling or 0.2V Din=Don't Care TrRc=62.54S(L-Ver.) 
| 1254S(SL-Ver), Tras<300ns 


ELECTRONICS 


DC AND OPERATING CHARACTERISTICS (Continue) 
(Recommended operating conditions unless otherwise noted) 
I 
Self Refresh Current 
RAS=CAS=0.2V 
W-=OE=Ao-A10=Vcc-0.2V or 0.2V anise ont ee A 
DQ1-DQ8=Vcc-0.2V, 0.2V or Open 
Input Leakage Current hey 3 46 A 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) B 
Output Leakage Current 10 . A 
(Data out is disabled, OV< Vout < Vcc) . 
Output High Voltage Level (loH=-5mA) | Vou | 24 | - | Vv 
Output Low Voltage Level (loL=4.2mA) | va | - | 04 | Vv 
*NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icca, Address can be changed maximum once within one fast page cycle. 
CAPACITANCE (1a=25°C, Voc=sv, f=1MHz) 7 
Parameter Symbor [min [Max Unit | 
input Capactance (o-Avo) pow | - | 5s | | 
input Cepactance (AS, CAS, W, OB pow [| - | 7 | oF | 
nearer are Gee ae ea 
AC CHARACTERISTICS ('c<1a< 70°C, Vec=5.0V+ 10%, See notes 1,2) 
rem mt a wf 
Random read or write cycle time a) 


sixzsisz 
z2 | 


RA 


gS 
a 


NIN 
AS 

he ‘ Pi |_@ 
ae 2 toca! oars tas 


= 
im — 


2 


A 


Ss 
RK 


A /o;a|/FPirPirPiDvd 
Alesis |£ |S 2 8 1B 
a2 \s o |o a 
Z\2 13 |S |= 5 |8 18 |8 | 
gle le le |e |S |g |g |e 5 
Py TS 3/2 Zc. ieg eis 
® 2 (8 | fe |B |e |F|F 1 z 
2l=/§ |5/§ |$ |8 |2 
3 18/2 Ic oe 
@ 4/|2{8 ° 
= |&|2 /8 |S izle 
ale |N/3 2 

x |S 5 
1 |2 my 5 
ao F 

on ao }mn 


A 
A 


—- = 
on nn 


A 
RAS to column address delay time 
A 
Row address set-up time 
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ro) 
— 
wo oo 


& 
a 
8 
3 
: 


a |G 
siz 
21/8 
= 
a 
é 
3 |] - 
@o 
r=) 
Qo 
=) 
jo [nals leis lsla|slelele| | [| 
oa Oo o 


= a 
So S 
=) 2 
S S wo 
—) S a 
Je 
a 


> 
So 
a 
= 
3 
r) 
wa 
vu 
an “ 
2 4 
i=) Q 
Sa S 
i) S 


—s 
i=4 : 
eo 
S 


—_ 
is a — 
c=) oO 
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KM48C21 OOA/AL/ALL/ASL CMOS DRAM 


~ AC CHARACTERISTICS (Continued) 


-7 | -8 
Parameter Symbol Units | Notes 
a ~aiieeh Min| Max | Min| Max 


Row address [Row addressholdtime == time 10 10 ns y= 
memes fae ol of | o ns 


Cameseenine eto] to Fe 

Column address hold time referenced to RAS 45 55 oo {fe at 6 

30 25 o| | ws] | 
Read command set-up time 0 0 0 a 

Read command hold time referenced to CAS 0 fe 0 ol . [re ie 9 | 
Read command hold time referenced to RAS | fe 0 0 i | 
Write command hold time 10 eee 15 15 ns 

Write command hold time referenced to RAS 45 Tt 55 |. 60 | ns | 6 | 
Write command pulse width ‘ol [. 15 _| ual | ns das al , 
Write command to RAS lead time , 15 | | 20 20 ns 

Write command to CAS lead time 15 — 4 20 | 20 ' ns | 
Data set-up time 0 0 ns 10 


Data hold time ae ae 15 15 Js 10 
Data hold time referenced to RAS tow | 40) | 45 55 60 ns | 6 


Refresh period (Normal) ter | =| 32] | 32 32| ms | | 
Refresh period (Low power & Self Ret.) | ter | | 128) 128 128 128| ms | 


RAS to W delay time trwo | 73 
Column address to W delay time | tawo | 23 
CAS set-up time (CAS-before-RAS refresh) tcsr ae 10 
CAS hold time (CAS-before-RAS refresh) {CHR 
RAS to CAS precharge time | treo. | 
CAS precharge time (C-B-R counter test cycle) 4 tcpT 


Refresh period (Super Low power) 256 256 256 | ms 

Write command set-up time rin Lo t z= ot ns 4 8 

CAS to W delay time , a tewo | 36 50 ns 8 
8 
8 


Access time from CAS precharge 


Fast Page mode cycle time a tPc | 35 
Fast Page mode read-modify-write cycle time tPRWC 


CAS precharge time (Fast Page mode) 
RAS pulse width(Fast Page mode) | tse | 50 
RAS hold time from CAS precharge truce | 30 
OE access time 
OE to data delay 
Output buffer turn off delay time from OE aw tOEz 


are 
of | 0]. 10 lise 


60 | 200000 Ie 200000 | 80 | 200000; ns 


OE command hold time 
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Parameter 


Write command set-up time (Test mode in) 


Write command hold time (Test mode in) 


Wto RAS precharge time (C-B-R refresh) 


AC CHARACTERISTICS (continued) 


Wto RAS hold time (C-B-R refresh) 


RAS pulse width (C-B-R self refresh) 


"| RAS precharge time (C-B-R self refresh) 


CAS hold tine (C-B-R self refresh) 


TEST MODE CYCLE (Note 12) 
sa me “6 Tt 8 | 
is mL Min | Max [Min] Max | in| Max | in| ax | 

Random read or write cycle time {RC 95 | | 115 135 155 

Read-modify-write cycle time tawc | 138 160 190 foo] | ns | 
Access time from RAS tRAC 65 75 85 ons | 3,4,14 
Access time from CAS teac | | 8] 20 | 25] ns | 3,4,5 
Access time from column address tAA | | 30] 35 | fa] ons | 3,14 
PAS pulse width tras | 55| 10,000 65] 10,000| 75 | 10,000] 85] 10,000) ns 

CAS pulse wiath toas 10000] 20| 10,000] 25} 10,000} 25 | 10,000! ns | 
RAS hold time [teow | 18] | [ns | 
GAS hold time tom | 55] | | | 5, ns | 

Column address to RAS lead time {RAL ce ee 45 ns 

ps Sea 7 

CAS to W delay time tcwo | 41 45 55 55 ns 8 
—— - a — 
RAS to W delay time tRWD 78 | 90 | [05 [ts ns 8 

a [i See 

Column address to W delay time ___|_ tawo [83 | | 60 70 if anal | ss as 8 
Fast Page mode cycle time tPC 40 45 50 | ‘| 65 ns | 
Fast Page mode read-modify-write cycle time tprwc{} 81 90 105 | 110 ns Ac ; : 
RAS pulse width (Fast Page Mode) trasp | 55 | 200,000} 65 | 200,000) 75 200,000! 85 200,000} ns 

oaks eee ee ‘i =I ie 

ccess time from CAS precharge |_tcrA 35 40 45 fi 50; ns 3 

OE access time tOEA 18 20 25 | 25 pe = 
uae data delay {OED 18 20 | 25 | L 25 ee __| 
OE command hold time tOEH 18 20 25 25 ns 
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NOTES 


1. 


An initial pause of 200«s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 


2. Vik(min) and Vit(max) are reference levels for of the data out is indeterminate. 
measuring timing of input signals.’ Transition times 9. Either tRcH or tRRH must be satisfied for a read 
are measured between Vin(min) and Vi.(max) are cycle. —- 
assumed to be 5ns for all inputs. 10. These parameters are referenced to the CAS. 

3. Measured with a load equivalent to 2 TTL loads leading edge in early write cycles and to the W 
and 100pF leading edge in read-write cycles. 

4. Operation within the trcp(max) limit insures that 11. Operation within the tRap(max) limit insures that 
trac(max) can be met. trRcp(max) is specified as a tRac(max) can be met. trap(max) is specified as a 
reference point only. If tacb is greater than the reference point only. If trap is greater than the 
specified trcp(max) limit, then access time is specified trRaD(max) limit, then access time is 
controlled exclusively by tcac. controlled by taa. 

5. Assumes that tacp >trcp (max). 12. These specifications are applied in the test mode. 

6. tar, twcr, tOHR are referenced to tRAD(max). 13. In test mode read cycle, the value of tRac, taa, tcac 

7. This parameter defines the time at which the is delayed by 2ns to 5ns for the specified value. 
output achieves the open circuit condition and is These parameters should be specified in test mode 
not referenced to VoH or VoL. cycles by adding the above value to the specified 

8. twcs, tRwD, tcwD and tawo are non restrictive value in this data sheet. 
operating parameters. They are included in the 14, torF(max) and toez(max) define the time at which 
data sheet as electric characteristics only. If twcs > the output achieves the open circuit condition and 
twcs(min) the cycle is an early write cycle and the are not referenced to output voltage level. 
data output will remain high impedance for the 15. 2048 cycle of burst refresh must be executed 
duration of the cycle. If tewo>tcwo(min), tawo > within 16ms before and after self refresh, in order 
trwo(min) and tawp >tawo(min), then the cycle is a to meet refresh specification. 

TIMING DIAGRAMS 
READ CYCLE 
—_ tro 

RAS Vin— ree tRAS — tap 1 

Vit— taR 

‘— tCsH | 
ene treD : tRSH —— 

we UW Nesey. ty 

ba tasr a an tRAL~ — 

: tasc(| | toa _| 

Vin— SAVVY (x) TAY, 

: vn RK RBthess MOK RSSRES WISIN RRR NL NO 
tRCH 
tres 
eee Vinp— YYYV (YY V YY VV v, 
Ww Vit— Wy WV Win Wy tROH WY rn KX Wy WAN 
. p————-taa 

; Y, evs y, YX) YY XK ERK KKRN VX 

= So ERR | ACSI To 
h—— tcac- "oF E 
Ge tRac toEz 

corse, an or 1, cca 


tciz 


Ky DON’T CARE 


al 
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TIMING DIAGRAMS continued) 
WRITE CYCLE (EARLY WRITE) 


trac 
tras tap _ 
RAS aes \ tar 
Vit— . 
: tcrp 
|| | | 
Be poe I =a f_/ 
Ll 
wee || [owe EE eae] 
L_] fhe aa" | COOK XK KX KK KK 
XK 4 99,0,9,9.0,4,9,0,0,49 


V/ 


Vie—- FRRWW 7, LV.Vatare AV eVatA aay, 
(Y\7 ROW d 
? Vit— QAYXXKYX)M ADDRESS J \ ADDRESS ROKK) 
; 


VAVAV Wa" AAV. W.V.VAV VW VAV AT AV ATA ATAVAVATAVAWAVATAVAVAVAVAT.D 
ee rrsmniieconnentess OR 


¢ 
WY 
ae 
twcr 
tRWL 
A TT eal Yaa ATA "AAA OA AY AAA’ AVAVAYAVA’ AAA AVAYAAVA'AYAVAYAVAMa"A'@' AYA ATAA'AYAVATAYAAYAYATAYAVAVATATATAYA'AY 


_ VATA ATA AAA MAT AV A ATA AVAVAVAVATAYAYATAVAVATAVATAV.W.V.V.ViVA'M AV AVAVA'AAVAVAVAVATAVAVAVAVAW.W, CAAA? 
Sc IOAUIICA'AGALACOOcdsQsncdes Oc ccnenoecacncocacnrcansicrrrcdescateccdeaeggsegecegegealceacecchasedeanatararseatnn 


=| 


Vin— FYVIVYYVYVYOVY 
vi OOO 


(VV 


. tos co toH 
Vin | 


WRITE CYCLE (OE CONTROLLED WRITE) 


trc— 


Sree eee ye trp 


Viq— 


oa ‘ taR 
RAS 
, Vit— 


L- tes 
torP | 
‘oe trop 


Vit— 7 aa 


tRAD 
_ tasR | | tray - | 
Vin-— RWVVV 7 %s¥ eV. VaVaralaVaavatalaVavaVavavaval Val ava vavaVay,¥, 
nv OK £8thess YK xmas DRI A n Y 
. we a tow 
: ~ tRWL 
— Vin— VaVa Vala VAVaVATAVAAVsVAVAVATAVAVAVATAVATAT AT ATA’ a (WVV VV VVV VY VVVY YYVVVYVYVYVYVYVV 
" vu RXR R LRN KKAXXXKA No — SA XXXRKKKXXXX YR RKKKKNR 
: co te | |toen 
: ied Vin— SV VV JV VVYVVVVYVVV AIM TIVVVAA/VVY YVVVYVYVVYVYVYVVY 
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TIMING DIAGRAMS (continued) 
READ-MODIFY-WRITE CYCLE 


cag tRwc- -—- os 
ie tras tRP 
cas Vip— as 
RAS re 
p-—--—- — - tosh 
ball aa trco + — trsH 
ae 1S sr mene [7] 
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OE Va RN hs YN ie 
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— —- traci PE Le ton 
: VuloH — VALID VALID YX 
DQ,-DQz iene —Yy DATA-IN Wy WY XX A Oy 
FAST PAGE MODE READ CYCLE 
RAS N —— taR 
Vit— 
— Viq— 
Se 
ag me —— sat 4 sry pss ew waa 
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a JK Pate lle po 
Ww Iq#— Wy \/ =u (X) 0) \/ 
Vn DRY - | MARX. 
— Vin RRRKKKK RRS . FFT 
OE i XXX OA BSR 
Vou— hao A/VALID OF VALID 
peruee VoL— VK data.our vy t batwour } 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


- a -———~--- tragp —_— ste — 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 


RAS 


CAS 


ON, Ce MN, 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’'t Care 


RAS 


CAS 


torr 
| 
ViuioH — 
DQ,-DQz Viol — L OPEN 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 


RAS Vin 
Vit — 
Vin — 
CAS 
Vit LNs 
pOcOGk, ao OPEN 
“Vor — 
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TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 


tre tro 
tras trp tras tre 
=e ViH— 
RAS tar 
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TIMING DIAGRAMS continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE . 


tras trp 
= Vip— 
RAS Vi— 
is tcHR tcpT trsH at 
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_ ea | 
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ied Vin— FTIR IIIT toEA 
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PACKAGE DIMENSION 


28-LEAD PLASTIC SMALL OUT-LINE J-LEAD “Units: Inches (millimeters) 
0.720(18.29) 0.027(0.69) 
im 0.730(18.54) i si MIN 
PI ra eo a a a rr a 1 


ale cle ale 
Par Ace (SIG. Sls 
4 olo rH DEG Ba) (ee 
S|o QQ BIB FIT 
hae) par our) | nlp 
wolw =—|— O|N 

QIN O}st 
alo m1 
Ole O}]r el aed t)7T 
4 oO/O oO;o olo 
[oR Ke) folie) 


~- 


0.140(3.56) 
0.148(3.76) 


= LILI LI 
0.026(0.66) 
0.032(0.81) 


B[evoaea) 


0.050(1.27) 
MAX 


A u AAR ARAN 
0.016(0.41 41 0.050(1.27) | 
0.020(0.51 "T TYP 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.740 (18.80) . 0.03 Je 80) 


0.459 (11.66) 
0.466 (11.86) 


0.402 (10.21) 
0.423. (10.76) 


Q.398 (10.11) 


0.726 (18.46) 


0.005 |__ 0.008 0.13) 13) 
. 0.722 (18.36) + aes en 0.008 (0.20) 


0.041 (1.05) ° 


ee 
aaa] FERRER i 


0.037 (0.95) 0.048 (1.22) | | 0.016 (0.40 wf 
0.052 (1.32) 0.020 (0.50) 


0.016 (0.40) ; 
0.024 (0.60) 
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KM48C2004A/AL/ALL/ASL 


CMOS DRAM 


2M x8 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


* Performance range: 


ee [me |e 
ReCOOWATRLIASCS | ew | ne [eae 


KM48C2004A/AL/ALL/ASL-8 | 80ns | 


* Fast Page Mode with Extended data out 
¢ Self Refresh Operation (LL-ver. only) 
- Byte Read/Write operation ; 
+ CAS-before-RAS refresh capability 
+ RAS-only and Hidden Refresh capability 
. Fast parallel test mode capability 
. TTL compatible inputs and outputs 
¢ Early write or output enable controlled write 
* Single +5.0V+10% power supply 
« 4096 cycles/64ms refresh (Normal) 
* 4096 cycles/128ms refresh (Low power & Self Ref.) 
* 4096 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 
¢ Available in plastic SOJ and TSOP(II) packages 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


7 


GENERAL DESCRIPTION 


The Samsung KM48C2004A/AL/ALL/ASL is a high 
speed CMOS 2,097,152 bitx8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM48C2004A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48C2004A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vcc 
Vss 


Ves Generator 


Refresh Timer 


Refresh Control 


Refresh Counter 
Row Address Buffer 
Col. Address Buffer. 


A0~A11 —-+] 


A0~A8 , 


Data in 


Buffer 
OQ 
2 DQi 
Memory Array g to 
2,097 ,152x8 <x B DQs 
oO 
Cells Q 
o 
” 
Data out 
Buffer OE 


Column Decoder 


ein 


ELECTRONICS 


885 


KM48C2004A/AL/ALL/ASL CMOS DRAM 


PIN CONFIGURATION (top views) 


+ KM48C2004 AJ/ALJ/ALLJ/ASLJ + KM48C2004 AT/ALT/ALLT/ASLT  » KM48C2004 ATR/ALTR/ALLTR/ASLTR 


1 
2 
3 
4 
5 
6 
7 
8 
9 


J: 400MIL . T : 400MIL (Forword) TR : 400MIL (Reverse) 


"Finname | PinFunction | 
ves | Gnd 
ras | pow Si 
oe 
Toe 


Read/Write Input 
Data Output Enable 
Power(+5.0V) 


one 7 . : 886 
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ABSOLUTE MAXIMUM RATINGS 


[Parameter | Symbor—iRating «Cte 
A 


[Power Ditipation SSS 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. , 


RECOMMEN DED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Parameter 


Operating Current* 
(RAS and CAS Cycling @trc=min.) 


Standby Current 
(RAS=CAS=W=Vin ) 


RAS-Only Refresh Current* 
(CAS=ViH, RAS Cycling @trc=min.) 


Hyper Page Mode Current* 
(RAS=ViL, CAS, Address Cycling @tec=min.) 


Standby Current 
(RAS=CAS=W=Vcc-0.2V) 


CAS-Before-RAS Refresh Current* 


(RAS and CAS Cycling @trc=min.) 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vcc-0.2V 
Input Low Voltage(Vit)=0.2V, CAS=CAS-Before-RAS 
Cycling or 0.2V, DQ1~DQs=Don't Care, tac=31.25s(L-Ver) 
62.5us(SL-Ver.), tras=tRasmin~300ns 


oe” 
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KM48C2004A/AL/ALL/ASL-5 
KM48C2004A/AL/ALL/ASL-6 
KM48C2004A/AL/ALL/ASL-7 
KM48C2004A/AL/ALL/ASL-8 


KM48C2004A 
KM48C2004AL 
KM48C2004ALL 
KM48C2004ASL 


KM48C2004A/AL/ALL/ASL-5 


KM48C2004A/AL/ALL/ASL-6 - 


KM48C2004A/AL/ALL/ASL-7 
KM48C2004A/AL/ALL/ASL-8 


KM48C2004A/AL/ALL/ASL-5 
KM48C2004A/AL/ALL/ASL-6 
KM48C2004A/AL/ALL/ASL-7 
KM48C2004A/AL/ALL/ASL-8 


KM48C2004A 
KM48C2004AL 
KM48C2004ALL 
KM48C2004ASL 


KM48C2004A/AL/ALL/ASL-5 
KM48C2004A/AL/ALL/ASL-6 
KM48C2004A/AL/ALL/ASL-7 
KM48C2004A/AL/ALL/ASL-8 


KM48C2004AL 
KM48C2004ASL 


KM48C2004A/AL/ALL/ASL - 3 CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


[Parameter iY Sb | tin Ma | Uni 


Self Refresh Current “ile 
RAS=CAS=0.2V 
WedE=A0-A11=Voc-0.2V or 0.2V KM48C2004ALL Iccs 300 HA 
DQ1-DQs=Vcc-0.2V, 0.2V or Open : 


Input Leakage Current ka ag 40 a 
(Any input 0<Vin <Vcc+0.5Y, all other pins not under test=0 volts.) B 
Output Leakage Current 

(Data out is disabled, OV<VouT<Vcc) 


Output High Voltage Level (loH=-5mA) 
Output Low Voltage Level (loL=4.2mA) 


“NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icc4, Address can be changed maximum once within one Hyper Page cycle. 


CAPACITANCE (1a=25°c, Voc=5v, f=1MHz) 


Se 
| _ Input Capacitance (Ao~A11 ee ee en 

Input Capacitance (RAS, CAS, W, OE) a ee ee a 
[put CapsotanooQr-Doy Sido Pe 


AC CHARACTERISTICS (0°c<1a<70°C, Voc=5.0V+0.5V, See notes 1,2) 
al 
rs | | 
ig fe = 


Test condition: Vih/Vi=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 


fos Se ee I a 
Min | Min| Max | Min] Max | 


Parameter 
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[ee] 
So 

a 
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Random read or write cycle time 


Read-modify-write cycle time trwe 


Access time from RAS t 
Access time from CAS 


8 


= 
nN Oo a4 ine pare (oa) 


= 
foe] 
ao 


> 
aw 


— |M wl wow 


S 
5 


Access time from column address 
| CAS to output in Low-Z 


| 


wo |X 
wo lo ji | > 
+~ 1H 


OE to output in Low-Z 


Output buffer turn-off delay from CAS 
Transition time (rise and fall) 


RAS to column address delay time 
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KM48C2004A/AL/ALL/ASL CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Ce eee 


CAS to RAS precharge time | toa 5 
Row address set-up time 


> 
oO 
Ps) 
ae] 


wo oa |~ [rm ~ oa fe on lo |. ms 2 f= p|o 


oe] 
_ as —_ 


— nm lm 
rx) 8 & | 8 


Row address hold time ns 


st | st 
ag 


[o>] RN NO = “Ni wo = _ > _ nN ory 


Column address set-up time 


S 
= 


Column address hold time 


Column address hold time referenced to RAS 


Column address to RAS lead time 


pigs te 
3 Ss 
ae IF 


Read command set-up time 


ot 
ay 
oO 
= 


Read command hold time referenced to CAS 


Read command hold time referenced to RAS 


Write command hold time 


Write command hold time referenced to RAS 


Write command pulse width 


Write command to RAS lead time 
‘Write command to CAS lead time 
Data set-up time 

Data hold time 

Data hold time referenced to RAS 


Refresh period (Normal) 


~ 
eo 1D 
o};f 


iw] 
ai 
for) 
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Refresh period (L-ver) 


Refresh period (SL-ver) 


Write command set-up time 

CAS to W delay time 

RAS to W delay time 

Column address to W delay time 

CAS address to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS to CAS precharge time 

CAS precharge time (C-B-R counter test cycle) 


Sisigizaizglis ls Sis iz iZz/eile 
BE @ (2/2 3 (8 |8 
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oO 
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Oo 


a |e | oe 
DsloO i] 
viz |n 
Oo |}D |aD 
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3 
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Access time from CAS precharge 


Hyper Page cycle time 


Hyper Page read-modify-write cycle time 
CAS precharge time (Hyper Page Cycle) 
RAS pulse width(Hyper Page Cycle) 


_| RAS hold time from CAS precharge 
OE access time 
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KM48C2004A/AL/ALL/ASL CMOS DRAM 


AC CHARACTERISTICS (continues | | : 
| 5s | #6 |. 7 [| 8 | 


ranma we we | | 


OE to data delay [too | 3] | 5} | otf ott ns | 
Output buffer turn off delay time from OE . | tocz | 3{ 13] 3/ 151 3] 20{ 3] 20] ns | 714 | 
OE command hold time ee ee ee ee 


Write command set-up time (Test mode in) ltws | 10] | tf] - | wo] | 
Write command hold time (Test mode in) | twm | tof | tol to | 


W to RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 
Output data hold time 
Output buffer turn off delay from RAS 
Output buffer turn off delay from W 

W to data delay 

OE té CAS hold time 

CAS hold time to OE 

OE precharge time 


=" 
Oo 


~ 
N fu 
— | > 
> |e 
on 


W pulse width (Hyper Page Cycle) 


RAS pulse width (LL-ver) 


sizis isis lz lz z 
Ble (815 |2 |B IR 2 
8 |B la foo lola [ole lols |e 


RAS precharge time (LL-ver) 


| | ns | 16 | 
CAS hold time (LL-ver fics | sol | sol | so] =~ | of | os | 6 | 
TEST MODE CYCLE (Note. 12) 
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KM48C2004A/AL/ALL/ASL 


CMOS DRAM 


TEST MODE CYCLE (Continued) 


Parameter 


RAS pulse width (Hyper Page Cycle) 
Access time from CAS precharge 
OE access time 

OE to data delay 


TEST MODE DESCRIPTION 


The KM48C2004A/AL/ALL/ASL is the CMOS DRAM 
organized 2,097,152 words by 8 bit internally organized 
1,048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the 
same way. Column address bit AO is not used. If upon 
reading, two bits on one I/O pin are equal (all "1" or 
‘"Q"s) the I/O pin indicates a "1"..If they were not equal, 
the !/O pin would indicate a "0". In "Test Mode", the 
2Mx8 DRAM can be tested as if it were a 1Mx8 DRAM. 


NOTES 


1. An initial pause of 200s is required after power-up 
- followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 

2. Vin(min) and Vit(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vix(min) and Vit(max) are 
assumed to be 5ns for all inputs, except tHpc and 
tHPRWC. 

3. Measured with a load equivalent to 2 TTL loads 
and 100pF 

4. Operation within the trco(max) limit insures that 
tRac(max) can be met. trcp(max) is specified as a 
reference point only. If tacb is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 

5. Assumes that trcp > trop (max). 

6. tar, twcr, tOHR are referenced to tRaD(max). 

7. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRWwD, tcwD and tawD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. if twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tewo>tcwo(min), tawo> 
trwo(min) and tawD>tawo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


eal alae alae ea 
| 45] | 50] | 


W and GAS before RAS Cycle (WCBR, Test Mode In 


Cycle) puts the device into "Test Mode", and "CAS 
before RAS refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test 
Mode, "W and CAS before RAS Refresh Cycle" 
peforms the refresh operation with internal CBR refresh 
address counter. The "test Mode" function reduces test 
time (1/2 in cases of N test pattern). 


9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the traD(max) limit insures that 
trac(max) can be met. tRAD(max) is specified as a 
reference point only. If trap is greater than the 


specified trap(max) limit, then access time is 


controlled by taa. 

12. These specifications are applied in the test mode. 

13. In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

14. tcez(max), toez(max) tREz(max) and twez(max) 
define the time at which the output achieves the 
open circuit condition and are not referenced to 
output voltage level. 

15. 4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

16. If RAS goes high before CAS high going, the open 
circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going 

17. tasc 2 tcp(min), Assumn tt=2.0ns 
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PACKAGE DIMENSION 
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2M x8 Bit CMOS Dynamic RAM with Extended Data Out | 
FEATURES | 


¢ Performance range: 


* Fast Page Mode with Extended data out 

* Self Refresh Operation (LL-ver. only) 

* Byte Read/Write operation 

« CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

¢ TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

* Single +5.0V+ 10% power supply 

* 2048 cycles/32ms refresh (Normal) 

* 2048 cycles/128ms refresh (Low power & Self Ref.) 
* 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

* Available in plastic SOJ and TSOPiII) 


FUNCTIONAL BLOCK DIAGRAM 
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GENERAL DESCRIPTION 
The Samsung KM48C2104A/AL/ALL/ASL is a high 


_ speed CMOS 2,097,152 bitx 8 Dynamic Random 


Access Memory. Its design is optimized for high 
performance applications such.as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM48C2104A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48C2104A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 
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PIN CONFIGURATION (tp views) 


* KM48C2104 AJ/ALJ/ALLJ/ASLJ + KM48C2104 AT/ALT/ALLT/ASLT + KM48C2104 ATR/ALTR/ALLTR/ASLTR 


oO 


J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
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ABSOLUTE MAXIMUM RATINGS 


i ee ee 
Voltage on Any Pin Relative to Vss 
Se ee 

a a ae 


Voltage on Vcc Supply Relative to Vss 


Storage Temperature 


Power Dissipation 
Short Circuit Output Current 


* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED CEERAUNS CONDITIONS —_ referenced to Vss, Ta=0 to 70°C) 


KM48C2104A/AL/ALL/ASL-5 
Operating Current* KM48C2104A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min.) KM48C2104A/AL/ALL/ASL-7 

KM48C2104A/AL/ALL/ASL-8 


KM48C2104A 
Standby Current KM48C2104AL 
(RAS=CAS=W=ViH ) KM48C2104ALL 
KM48C2104ASL 


KM48C2104A/AL/ALL/ASL-5 
RAS-Only Refresh Current* KM48C2104A/AL/ALL/ASL-6 


(CAS=Vin, RAS Cycling @trc=min.) KM48C2104A/AL/ALL/ASL-7 
KM48C2104A/AL/ALL/ASL-8 


KM48C2104A/AL/ALL/ASL-5 

Hyper Page Mode Current* KM48C2104A/AL/ALL/ASL-6 

(RAS=ViL, CAS, Address Cycling @tec=min.) KM48C2104A/AL/ALL/ASL-7 
KM48C2104A/AL/ALL/ASL-8 


KM48C2104A 
Standby Current KM48C2104AL 
(RAS=CAS=W=Vcc-0.2V) KM48C2104ALL 

KM48C2104ASL. 


KM48C2104A/AL/ALL/ASL-5 
CAS-Before-RAS Refresh Current* KM48C2104A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min.) “| KM48C2104A/AL/ALL/ASL-7 
KM48C2104A/AL/ALL/ASL-8 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V 
Input Low Voltage(Vi.}=0.2V, CAS=CAS-Before-RAS 
Cycling or 0.2V, DQ1~DQs=Don't Care trc=62.5ys(L-Ver,) 
125us(SL-Ver), tras=tRas min~300ns 
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DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 


SS 


Self Refresh Current 
RAS=CAS=0.2V 
W=OE=Ao-A10=Vcc-0.2V or 0.2V 
DQ1-DQs=Vcc-0.2V, 0.2V or Open 


KM48C2104ALL 


Input Leakage Current 
(Any input O<Vin <Vcc+0.5V, all other pins not under test=0 volts.) 


Output Leakage Current 
(Data out is disabled, OV<Vout< Vcc) 


Output High Voltage Level (loH=-5mA) 


Output Low Voltage Level (loL=4.2mA) 


“NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one Hyper Page cycle. 


CAPACITANCE (1a=25°C, Voc=5v, f=1MHz) 


Input Capacitance (Ao~A10) : —— 


Input Capacitance (RAS, CAS, W, OE) a 


Input. Capacitance (DQ1~DQs) 


AC CHARACTERISTICS (°c<1a<70°C, Voc=5.0V+0.5V, See notes 1,2) 
Test condition: Vih/Vii=2.4V/0.8V, Voh/Voi=2.0V/0.8V, Output Loading CL=100pF 


SS a | 
Parameter Symbol Units ; Notes 
ta [tw a a 
Random read or write cycle time tRC 90 || 10 | 150 ns 
Read-modify-write cycle time two | 133) | 155 | 185 205 ns 
Access time from RAS tRAC 1 {sof | oo} | 70 80] ns | 3,4,11 
Access time from CAS tCac li Aa 15 20 20) ns | 3,4,5 
Access time from column address lta | fos] | a0] 35 40 | ns 3,11 
CAS to output in Low-Z tcwz 3 fe nats <8 3 3 ns 3 
OE to output in Low-Z toz 3 ie a a 3 
Output buffer turn-off delay tcEz 3 20) ns | 7,14,15 


Transition time (rise and fall tr 50| 2] 80; 2| 80| ns] 2 


RAS precharge time trP 30]. | 40 60 ns 


RAS pulse width GET E 
res = i ee ee eee 
CAS hold time . tCsH | 3a} | as] | so] 60 ns 
CAS pulse width {CAS 2] soc of cfs | ra 10K | 20 10K | ns 16 


RAS to CAS delay time trcp | 20 37 20 20 60] ns 4 
RAS to column address delay time 15 40| ns 11 
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AC CHARACTERISTICS (continued) 


CAS to RAS precharge time 
Row address set-up time 
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Notes 


Row address hold time 
Column address set-up time 


Column address hold time 
Column address hold time referenced to RAS 
Column address to RAS lead time 
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Write command hold time 
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Write command pulse width 
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Write command to RAS lead time 
Write command to CAS lead time 
Data set-up time 
Data hold time 
Data hold time referenced to RAS 


Refresh period (Normal) 


= |}rm |= Jan -s 
rao] nin on 


=a |a (Fe) = 
a|o oO oO 
= 
Nn | © 
CO }P 
mon ls —_ 
a ;o ln nn 


Ssisls 

21818 
3 

= 

So 


ot 
oO 
= 
Ps) 


Refresh period (L-ver) 


hm }o 
nln |w 


es le | oe 
maim ia 
nn TM TT 
nm} 

AID |e 
@ |o | 


Refresh period (SL-ver) 


z 
S 
”n 


Write command set-up time 

CAS to W delay time 

RAS to W delay time 

Column address to W delay time 

CAS address to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS to CAS precharge time : 
CAS precharge time (C-B-R counter test cycle) 
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RAS hold time from CAS precharge 


OE access time 


RHC 


aA 
S 
De) De) = 
& 
a a 
~ nN 
= ow —s— {ain 
oS ws alo la 


tOEA 13 15 20 


ELECTRONICS 


. mal oa 

B 
uo vu : 

Ss 
~ 


KM48C2104A/AL/ALL/ASL : CMOS DRAM 


AC CHARACTERISTICS (continueg) 
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Etodaadeey | tom | 13) 15] | ao] | moo 
Output butler tun of delay timefromOE___—| tox | 3| 13/3] 15] 3 | 20 
[OEcommandhotdtime | tom | 13] | 5 | | a 
Write command setup ime(Testmodein) | tws | to] | 10] 


Write command hold time (Test mode in) twTH 
W to RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 
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Output data hold time 
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Output buffer turn off delay from W 
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OE to CAS hold time 
CAS hold time to OE 
OE precharge time 
W pulse width (Hyper Page Cycle) ltwe | 5} | 5] 
RAS pulse width (LL-ver) lio] 100 

RAS precharge time (ver) | twes | oof favo} [rao] tg] ms | 8 
[ASholdtimeive) | tows | so] | so] | sof | so] | os | 6 


TEST MODE CYCLE (Note.12) 
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[ Min| Max | Min] Max | Min] Max | in| Max _| | 
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Hyper Page cycle time 
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CMOS DRAM 


TEST MODE CYCLE continued) 


RAS pulse width (Hyper Page Cycle) 


Access time from CAS precharge 
OE to data delay 


TEST MODE DESCRIPTION 


The KM48C2104A/AL/ALL/ASL is the CMOS DRAM 
organized 2,097,152 words by 8 bit internally organized 
1,048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the 
same way. Column address bit AO is not used. If upon 
reading, two bits on one I/O pin are equal (all "1" or 
"O"s) the I/O pin indicates a "1". If they were not equal, 
the I/O pin would indicate a "0". In "Test Mode", the 
2Mx8 DRAM can be tested as if it were a 1Mx8 DRAM. 


NOTES 


1. An initial pause of 200us is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 

2. Vin(min) and Vit(max) are reference levels for 
measuring timing of input signals. Transition times 


are measured between ViH(min) and Vit(max) are . 


assumed to be 5ns for all inputs, without tHpc and 
tHPRWC. 

3. Measured with a load equivalent to 2TTL loads and 
100pF. 

4. Operation within the tRcp(max) limit insures that 
trac(max) can be met. trcp(max) is specified as a 
reference point only. If tkcp is greater than the 
‘specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 

. Assumes that tcp > trcb (max). 

. taR, twCR, tDHR are referenced to traD(max). 

. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twos, trwd, tcwp and tawp are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 


NOOO 


data output will remain high impedance for the - 


duration of the cycle. If tcwo>tcwp(min), tawo> 

trwo(min) and tawp >tawop(min), then the cycle is a 

read-write cycle and the data output will contain 

the data read from the selected address. If neither 

of the above conditions are satisfied, the condition 
__ of the data out is indeterminate. 


W and CAS before RAS Cycle (WCBR, Test Mode In 
Cycle) puts the device into "Test Mode", And "CAS 
before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode”. In the Test 
Mode, "W and CAS before RAS Refresh Cycle" 
peforms the refresh operation with internal CBR refresh 
address counter. The "Test Mode" function reduces 
test time (1/2 in cases of N test pattern). 


9. Either tRcH or tRRH must be satisfied for a read 
cycle. , 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the trap(max) limit insures that 
trac(max) can be met. trap(max) is specified as a 
reference point only. If trap is greater than the 
specified tRaD(max) limit, then access time is 
controlled by taa. 

12. These specifications are applied in the test mode. 

13. In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

14. tREz(max), tcez(max), twez(max) and toez(max) 
define the time at which the output achieves the 
open circuit condition and are not referenced to 
output voltage level. 

15. 2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

16. If RAS goes high before CAS high going, the open 
circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going 

17. tasc = tcpmin, Assumn tt=2.0ns 
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TIMING DIAGRAM | 
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HYPER PAGE READ CYCLE 
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HYPER PAGE WRITE CYCLE (EARLY WRITE ) 
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HYPER PAGE READ-MODIFY-WRITE CYCLE 
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HYPER PAGE READ AND WRITE MIXED CYCLE 
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RAS-ONLY REFRESH CYCLE 
NOTE : W, OE, Dw = Don't care 
Dout = O 
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HIDDEN REFRESH CYCLE ( READ ) 
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HIDDEN REFRESH CYCLE ( WRITE ) 
NOTE : Dour = OPEN 
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CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE | 
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TEST MODE IN CYCLE 
NOTE : OE, A= Don't Care 
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PACKAGE DIMENSION | 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD : Units: Inches (millimeters) 


__9.720(18.29) : 0. 027(0. 69) 
r : 0.730(18.54) i MIN 
Cd Li) 


O)o als} a 
Q|N olo Ny}! * 
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KM48V2000A/AL/ALL/ASL 


CMOS DRAM 


2M x8 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


« Performance range: 


KM48V2000A/AL/ALL/ASL-7 
KM48V2000A/AL/ALL/ASL-8 


« Fast Page Mode operation 

« Byte Read/Write operation 

« CAS-before-RAS refresh capability 

+ RAS-only and Hidden Refresh capability 

¢ TTL compatible inputs and outputs 

« Early Write or output enable controlled write 

¢ Single+3.3V.0.3V power supply 

¢ 4096 cycles/64ms refresh (Normal) 

« 4096 cycles/128ms refresh (Low power & Self Ref.) 
« 4096 cycles/256ms refresh (Super Low power) 

« JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(il) packages 


FUNCTIONAL BLOCK DIAGRAM 


Control 


Clocks 


GENERAL DESCRIPTION 


The Samsung KM48V2000A/AL/ALL/ASL is a high 
speed CMOS 2,097,152 bit x8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM48V2000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48V2000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vop 
Vss 


Refresh Timer 
a ae 
Refresh Control 
Refresh Counter 
Row Address Buffer 
Col. Address Buffer 


AO~A11 


A0~A8 


5 


Data in 
Buffer 


DQ1 

Memory Array 

2,097,152 x8 
Cells 


Sense Amps & IO 


Data out 
Buffer 


Coiumn Decoder 
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KM48V2000A/AL/ALL/ASL_ CMOS DRAM 


PIN CONFIGURATION (top views) 


* KM48V2000 AJ/ALJ/ALLJ/ASLJ ¢ KM48V2000 AT/ALT/ALLT/ASLT_ - KM48V2000 ATR/ALTR/ALLTR/ASLTR 


Pin Name 


Data Output Enable 
Power(+3.3V) 


am a 
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ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Rating | Units | 
Voltage on Any Pin Relative to Vss Vin, VouT -0.5 ~ 4.6 V 
Voltage on Vpp Supply Relative to Vss Vop -0.5 ~ 4.6 Vv 
Storage Temperature . Tstg -55 to + 150 °C 
Power Dissipation . Pp 4 W 
Short Circuit Output Current los 50 


* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Parameter 


Supply Voltage 


Ground 
Input High Voltage VIH 2.0 


Vopd + 0.3 
0.8 


Input Low Voltage 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 


Operating Current” KM48V2000A/AL/ALL/ASL-6- 80 mA 
FG P ; ; KM48V2000A/AL/ALL/ASL-7 Icc1 - 70 mA 
(RAS and CAS Cycling @tro=min.) KM48V2000A/AL/ALL/ASL-8 60 | mA 
KM48V2000A , 2 mA 
Standby Current KM48V2000AL ie E 1 mA 
(RAS=CAS=W=Vii ) KM48V2000ALL 1 mA 
KM48V2000ASL ' 1 mA 
a ¢ KM48V2000A/AL/ALL/ASL-6 80 mA 
OSvn are ase KM48V2000A/AL/ALLIASL-7 | [ccs | - | 70 | mA 
=VIH, ycing ues KM48V2000A/AL/ALL/ASL-8 60 mA 
Fast Pane Mode Curent* KM48V2000A/AL/ALL/ASL-6 70 mA 
AS-i. CAS hdeites Clchig SPST) KM48V2000A/AL/ALL/ASL-7 loca . 60 | mA 
~ : : ue as KM48V2000A/AL/ALL/ASL-8 50 mA 
KM48V2000A 1 mA 
Standby Current KM48V2000AL sae ; 300. HA 
(RAS=CAS=W=Vpp-0.2V) KM48V2000ALL 200 LA 
KM48V2000ASL 200 HA 
_— — 7 KM48V2000A/AL/ALL/ASL-6 80 mA 
HS and CHS Oy ee ate KM48V20004/ALIALLIASL-7 | Iccs | - | 70 | mA 
Tere KM48V2000A/AL/ALL/ASL-8 60 | mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (Vin)=Vop-0.2V 
Input Low Voltage (Vit)=0.2V CAS=CAS-Before-RAS Cycling ae. Icc7 - ss . ; 
or 0.2V Din=Don't Care Tac=31.254S(L-Ver) r 
62.54 S(SL-Ver), TRAS=TRas min.~300ms 
Self Refresh Current . 
RAS=CAS-=0.2V 
WeOE=Ao-A11=Vop-0.2V or 0.2V KM48V2000ALL Iccs - 250 LA 
DQ1~DQs8=Vopp-0.2V, 0.2V or Open 
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KM48V2000A/AL/ALL/ASL | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 


oI 


Input Leakage Current 
(Any input O0<VIN <Vpp+0.3V, all other pins not under test=0 volts.) 


Output Leakage Current 
(Data out is disabled, OV< Vout <Vbp) 


Output High Voltage Level (loH=-2mA) 


Output Low Voltage Level (loL=2mA) 


*NOTE: Icc1, Icc3, Icca and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE ta=25°c, voo=3.3v, f=1MHz) 
Se 


Input Capacitance (Ao~A11) 
Input Capacitance (RAS, CAS, W, OE) 
Input Capacitance (DQ1~DQs) 


AC CHARACTERISTICS (0°c<Ta<70°C, Vo=3.3V +0.3V, See notes 1,2) 
Test Condition : Vih/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 


Parameter Symbol ce an M8: Units | Notes 
| Min | Max ; Min| Max | Min; Max 

Random read or write cycle time tac 130 150 ns 

Read-modify-write cycle time tRWC 185 205 ns 

Access time from RAS tRAC 60 70 80} ns | 3,4,11 

Access time from CAS tcac 15 20 20} ns | 3,4,5 
’ | Access time from column address tAA 30 35 40} ns 3,11 

CAS to output in Low-Z tcLz ) ns 3 

Output buffer turn-off delay toFF 15 0 20 20 Re ns ote 

Transition time (rise and fall) tT 50 3 50 50] ns 2 

RAS precharge time tRP 50 | 60 ns_| 

RAS pulse width tRAS 10,000 70 | 10,000 80} 10,000 | ns 

RAS hold time tRSH . 20 20 [ns 

CAS hold time tCSH 70 80 | ns 

CAS pulse width , tcas 10,000} 20) 10,000; 20; 10,000] ns 

RAS to CAS delay time tRCD 45] 20 50; 20 60| ns 4 

RAS to column address delay time tRAD 30 | 15 | 35 15 40| ns 11 

CAS to RAS precharge time tcRP 5 5 ns 

Row address set-up time tASR 0 ns 
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AC CHARACTERISTICS (continued) 


Parameter 


Row address hold time 


Column address set-up time 


Column address hold time 


Column address hold time referenced to RAS 


Column address to RAS lead time 


Read command set-up time 


Read command hold time referenced to CAS 


Read command hold time referenced to RAS 


Write command hold time 


Write command hold time referenced to RAS 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data set-up time 

Data hold time 

Data hold time referenced to RAS 

Refresh period (Normal) 

Refresh period (Low power & Self Ref.) 

Refresh period (Super Low power) alt 

Write command set-up time twcs 0 0 0; ns 8 
CAS to W delay time | tcwo 40 50 \ 50 ns 8 
RAS to W delay time tRwD 85 100 110 ns 8 
Column address to W delay time r tawD 55 65 70 ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsR 10 10 10 | ns 

CAS hold time (CAS-before-RAS refresh) | tcHr | 10 15 15 1 ns 

RAS to CAS precharge time | tRPC 5 5 5 ns 

CAS precharge time (C-B-R counter test cycle) tcPT 20 30 30 [ ns_| 
Access time from CAS precharge tCPA 35 40 45) ns 3 
Fast Page mode cycle time tPc 40 : 45 50 ns 

Fast Page mode read-modify-write cycle time -| tpRwc| 85 100 105 | ns 

CAS precharge time (Fast Page mode) tcp 10 10 10 ns 

RAS pulse width (Fast Page mode) tRASP 60 | 200,000} 70) 200,000; 80 200,000} ns | 
RAS hold time from CAS precharge tRHcP | 35 40 45 ns 

OE access time | tOEA | 15 20 20} ns 

OE to data delay toeD 15 20 20 | ns 

Out put buffer turn off delay time from OE toEz 0 15 0 20 0; 20) ns 

OE commend holdtime . _ toeH 15 20 20 ns 
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AC CHARACTERISTICS (Continued) 


Parameter 


Write command set-up time (Test mode in) 


Write command hold time (Test mode in) ns 
W to RAS precharge time (C-B-R refresh) ns 
W to RAS hold time (C-B-R refresh) ns 
RAS pulse width (C-B-R self refresh) us 15 
RAS precharge time (C-B-R self refresh) ns 15 


CAS hold time (C-B-R self refresh) 


TEST MODE CYCLE | | (Note.12) 


Parameter sto a wage ae 7 a = Units | Notes 
Min| Max | Min| Max 

Random read or write cycle time tRC 135 155 ns 
Read-modify-write cycle time tRWC 190 210 ns 
‘Access time from RAS tRAC 75 85} ns | 3 ia 
Access time from CAS tCAc 25 25] ns 3,4,5 
Access time from column address 40 45| ns 3,11 
RAS pulse width tL 65 | 10,000} 75/ 10,000) 85 | 10,000] ns 
CAS pulse width tcas | 20 10,000} 25) 10,000; 25) 10,000; ns 
RAS hold time 25 25 ns 
CAS hold time _ | tCSH | 75 | 85 ns 
Column address to RAS lead time tRAL 40 | 45 ns 
CAS to W delay time tcwo 55 55 ns 8 
RAS to W delay time tRWD [ 105 115 ns 8 
Column address to W delay time tawD 70 75 ns 8 
Fast Page mode cycle time tPc | 50 55 ns 
Fast Page mode read-modify-write cycle time tPRWC 105 110 ns 
RAS pulse width (Fast Page Mode) - tRASP 200,000) 75} 200,000} 85) 200,000; ns 
Access time from CAS precharge tCPA 40 45 50] ns 3 
OE access time ‘| tOEA 20 25 25] ns 
OE to data delay tOED 25 25 _ns 
OE command hold time tOEH 


25° 25 ns 
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NOTES 
1 


. An initial pause of 200«s is required after power-up 


followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


read-write cycle and the data output will contain 
the data read from the selected address. if neither 
of the above conditions are satisfied, the condition 


2. ViH(min) and ViL(max) are reference levels for of the data out is indeterminate. 
measuring timing of input signals. Transition times 9. Either tRcH or tRRH must be satisfied for a read 
are measured between ViH(min) and Vit(max) are cycle. 
assumed to be 5ns for all inputs. 10. These parameters are referenced to the CAS 
3. Measured with a load equivalent to 100pF and leading edge in early write cycles and to the W 
Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) leading edge in read-write cycles. 
4. Operation within the trcp(max) limit insures that 11. Operation within the trap(max) limit insures that 
trac(max) can be met. tRcp(max) is specified as a trac(max) can be met. trap(max) is specified as a 
. reference point only. If tacp is greater than the reference point only. If trad is greater than the 
specified trcbo(max) limit, then access time is specified traD(max) limit, then access time is 
controlled exclusively by tcac. controlled by taa. 
5. Assumes that tacp >trRcb (max). 12. These specifications are applied in the test mode. 
6. tar, twcr, tDHR are referenced to tRAD(max). 13. In test mode read cycle, the value of trac, taa, tcac 
7. This parameter defines the time at which the is delayed by 2ns to 5ns for the specified value. 
output achieves the open circuit condition and is These parameters should be specified in test mode 
not referenced to VoH or VoL. cycles by adding the above value to the specified 
8.twcs, tRwD, tcwbd and tawD are non restrictive value in this data sheet. 
operating parameters. They are included in the 14. torF(max) and toez(max) define the time at which 
data sheet as electric characteristics only. If twcs > the output achieves the open circuit condition and 
twcs(min) the cycle is an early write cycle and the are not referenced to output voltage level. 
data output will remain high impedance for the _ 15. 4096 cycle of burst refresh must be executed 
duration of the cycle. If tcwp >tcwop(min), tawD > within 16ms before and after self refresh, in order 
tRwo(min) and tawD >tawo(min), then the cycle is a to meet refresh specification. 
‘ 
TIMING DIAGRAMS 
READ CYCLE 
eas tre 
be tRAS aan tre 
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asta trop ———|— tRSH — 
CAS vi tRAD e t 
: i - tasr | Iaa, eel RAL =| 
é AN tasc tCAH 
~ Vine wae", (K} CAAA YV VV VV A/V ¥ 
és O06 ET COLUMN XXX? OAK 7 
vie SOK ABORess RK RBBHBSS ACK NEARY 
tRCH 
trcs tary 
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TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY WRITE) 
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CAS 
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DQ,-DQs 


CAS 


=| 
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trc 
: ; trp 
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TIMING DIAGRAMS continued) 


READ-MODIFY-WRITE CYCLE 


RAS 
Vv ai | 
CAS t 
“as Y= = f / 
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TIMING DIAGRAMS (continued) | 


VA/V VVVVVVV 
AA Wy Wi Wind 


trwL——+4 

_ VWYVY | YY YYYX ‘wcH WVVVYYYYVVY 
w AY Dwr LEY 
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TIMING DIAGRAMS (continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 


Vin— 
RA 
. Vit— 
ae Viq— 
CAS 
Vit— 


» ARRAN row 20 RR ORD 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 


trac— 
trp trap 

<a ViH— : 
RAS ——————— tras 

Vvi— trec tRPC 

tcsr ene 

ViH— 
CAS 

Vii— 

torr 
ViioH — 

DQ-DQs Wo, — OPEN 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 


7 \ 
Vit — 
— Vin — 
CAS 
Vit— 
Vou — 
DQ,-DQs, 
Vo. — 


XxX DON’T CARE 
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TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 


tras “ trp tras = trp 
a ViH— 
RAS ie tar 
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| tasr re 
Vin— f i VIVV VAASV VY VV VV AASV VV VA/VV VV VY 
A vi RAK BEANE Seb OMS AA KY) 
‘ tres tRRH 
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HIDDEN REFRESH CYCLE (WRITE) . 
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— Vip— =] 
RAS 
Mite 
eave ViH— 
CAS ie 
Vin~— savavataratavavatavatararavatavawatatarateravasararaaty 
oe CRAKEAR KKK KARR 
- Viq— TM PII TTT TAT TR TERT TAT 
ae ON ADRK 
__ ST VA WAV AW AVA, YYYVVYVYVYY Y ¥ YYVY VY Y9YVVYV Y_Y WW V°® ¥ VY9@ JWYJ J PYW®WJYW@WZWYW/ WV 
FE a SRK ROKK KL KL RR LION 
Vin— VV/VYN VYVYV VV VY YVSY vA YSAYVYV VV VYV WV 
pao XXX KX KKK XXX KY XEN 


tbHR XX DON'T CARE 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


tras trp 


— Vin— 
RAS 
Vit— 


tcsr 


-tCHR topt tRsH 
ViH— ‘ : 

CAS ‘CAS ~ 
Vit— , 


tasc i 
\/ \/ V/Y 


Vin— AAA /JVANAAA\NAANAANA\/V AAV V\AAAAMA\AA/Y VVIV/VV 
' 1 RRR RK Aoomess YY YOANN 
READ CYCLE tacs | jr 
= ViH— ¥VYATAVAVAVAV,Y.VaVa¥a"aVa¥aaVaVANAVAYA"a"o" VYYYYY 
WO BY KY 

. Vin— VYV VV VVYV YY AASV AVY VA DPD ALANM)NAN\IA/YVV 
oF Vie CARR RAR YY 
toLz ee torr 
; . | 

DQ,-DQz na pen (\ VALID DATA-OUT 
WRITE CYCLE 
wes! ViH— ASA //\/A/VV VV AAA/YV YA /VV VYVVVYYJYJVJYVJV A /V/VVV/ 
w Vw CORR AN RRYS 


Vip— AAASA/YVVA//VYVVVV V VV VY VVVV VV VV VV VV VV VVVVVVV VYVVV VV 
SROKA 


Vit— 


DQ,-DQs << —— OPEN | VALID DATA-IN ) 
tcwL | 
- 


READ-MODIFY-WRITE — eles 
CE NON Aa — RRR 
SE TSTNGIONS NUON IINONONNO Naa 
tcAG leah i 
papa, Yor = i} " Ee 
| DATA-OUT a 


kX DON’T CARE 
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PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) _ 


0.050(1.27) 
MAX 


0.027(0.69) 


0.720(18.29) 
r 0.730(18.54) 
Ea CICI CIO CI cI cc ra 


0.375(9.53) 
0.445(11.30) 


0.365(9.27) 
0.435(11.05) 


0.395(10.03) 
0.405(10.29) 
0.008(0.20) 
0.012(0.30) 


LILJLICILILILCSTI 
0. 


| 026(0.66) 
0.032(0.81) 0.140(3.56) 
0.148(3.76) 


TAA 
abiaeai |] 2 obenianc iL 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


Units: Inches (millimeters) 


S[eooue 


0.740 (18.80) 0.03 (0.80) 


0.423 (10.76) 
0.459 (11.66) 
0.466 (11.86) 


=)= 
= 
ojo 
cl 
-|~ 
ON 
BD! 
27s 
o|o 


0.005 (0.13) 


0.722 (18.36) 0.037 (0.95) 0.008 (0.20) 
0.726 (18.46) _ {0.041 (1.08) 
eS Ee ES | 
[Cl os max | SOO Ae 


0.037 (0.95) + | 0.048 (1.22) | | 0.016 (0.40) | 
0.052 (1.32) 0.020 (0.50) : 


0.016 (0.40) 
0.024 (0.60) 
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CMOS DRAM 


2M x8 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 


.KM48V2100A/AL/ALL/ASL-6 


KM48V2100A/AL/ALL/ASL-7 
KM48V2100A/AL/ALL/ASL-8 


¢ Fast Page Mode operation 

¢ Byte Read/Write operation 

+ CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

* TTL compatible inputs and outputs 

* Early Write or output enable controlled write 

¢ Single+3.3V +0.3V power supply 

* 2048 cycles/32ms refresh (Normal) 

« 2048 cycles/128ms refresh (Low power & Self Ref.) 
+ 2048 cycles/256ms refresh (Super Low power) 

« JEDEC standard pinout 

* Available in plastic SOJ and TSOP(II) packages 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


GENERAL DESCRIPTION 


The Samsung KM48V2100A/AL/ALL/ASL is a high 
speed CMOS 2,097,152 bitx 8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. : 


The KM48V2100A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48V2100A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vop 
Vss 


Refresh Timer 


{e) 
Refresh Control = 
08 

Bs Dai 

: Memory Array Q to 

E 

Refresh Counter 2,097,152 x8 < DQ8 
® 
: Ceils D 
A0~A10 Row Address Buffer d 

Data out 
Buffer OE 
Col. Address Buffer Column Decoder ; 


AO0~AQ 


a 
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KM48V2100A/AL/ALL/ASL CMOS DRAM 


‘ 


PIN CONFIGURATION (Top Views) 


\ 


* KM48V2100 AJ/ALJ/ALLJ/ASLJ +» KM48V2100 AT/ALT/ALLT/ASLT * KM48V2100 ATR/ALTR/ALLTR/ASLTR 


oO 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Pin Function 


Address Inputs 


Data In/Out 
Vss Ground 
Row Address Strobe 


Column Address Strobe 
Read/Write Input 
Data Output Enable 


Power(+3.3V) | 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 


Voltage on Any Pin Relative to Vss -0.5 ~ 4.6 


Voltage on Vop Supply Relative to Vss Vopb -0.5 ~ 4.6 Vv 


Storage Temperature Tstg -55 to + 150 °C 


Power Dissipation Pp 1 WwW sal 


Vin, Vout 


Short Circuit Output Current | los 50 | mA 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Parameter 
Supply Voltage 
Ground 
Input High Voltage VIH 2.0 — | 
Input Low Voltage 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
SS ee ae Te Peete Tie hee pte ee] 
Parameter : Symbol} Min | Max | Units 
Operating Current" KM48V2100A/AL/ALL/ASL-6 100 mA 
P KM48V2100A/AL/ALL/ASL-7 Icc1 - 90 mA 
(RAS and CAS Cycling @tac=min) KM48V2100A/AL/ALL/ASL-8 go | mA 
KM48V2100A 2 mA 
Standby Current KM48V2100AL ica , 1 mA 
(RAS=CAS=W=VIH ) KM48V2100ALL 1 mA 
. KM48V2100ASL , 1 mA 
RAS-Only Refresh Current’ KM48V2100A/AL/ALL/ASL-6 100 mA 
CRS=vu, RAS Cycling @trc=min,) KM48V2100A/AL/ALL/ASL-7 Icc3 - 90 mA 
mk vein =e KM48V2100A/AL/ALL/ASL-8 80 mA 
Fast Page Mode Current* KM48V2100A/AL/ALL/ASL-6 80 mA 
FAB-Vi CAS, Address Cycling @tec=min) KM48V2100A/AL/ALL/ASL-7 loca - 70 mA 
ire, ial ziaiee Lab KM48V2100A/AL/ALL/ASL-8 60 | mA 
+ —s —_— 
KM48V2100A 1 mA 
Standby Current KM48V2100AL see . 300 HA 
(RAS=CAS=W=Vpp-0.2V) KM48V2100ALL 200 HA 
KM48V2100ASL 200 HA 
ATE pnt... BFA : KM48V2100A/AL/ALL/ASL-6 100 mA 
ERS and CHSC, sree mei KM48V2100A/AV/ALLIASL-7 | ccs | - | 90 | mA 
al meaner: KM48V2100A/AL/ALL/ASL-8 ~ 80 | mA 
Battery Back Up Current Average Power Supply Current, _ 
Battery Back Up Mode, Input High Voltage (ViH)=Vpp-0.2V 
Input Low Voltage (Vit)=0.2V CAS=CAS-Before-RAS Cycling ee ae loc7 - - 
or0.2V Din=Don't Care Trac=62.54S/(L-Ver.) . 
1254S(SL-Ver), Tras=TRas min.~300ns 
Self Refresh Current 
RAS=CAS=0.2V 
W=OE=Ao-A10=Vop-0.2V or 0.2V mee y2 COREE oes . at We 
DQ1~DQs=Vpp-0.2V, 0.2V or Open 
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DC AND OPERATING CHARACTERISTICS (Comtinged) 


(Recommended operating conditions unless otherwise noted) 


Parameter 
Input Leakage Current iM il 
(Any input 0< Vin <Vpp+0.3yV, all other pins not under test=0 volts.) 
Beton cdc @ <VouT <Vpb) . | low) 1G { ° | BA 
Output High Voltage Level (loH=-2mA) VOH [aa] - V 
Output Low Voltage Level (loL=2mA) VoL = 0.4 V 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates: Specified values are obtained with 
the output open. Icc is specified as an average current. Yn Icc1 and icc3, Address can be changed maximum 
two times while RAS=ViL. In Icca, Address can.be changed maximum once within one fast page cycle. 


’ 


CAPACITANCE (ta=25°c, voo=3.3V, f=1MHz) 


input Capacitance (Ao~A11) 
Input Capacitance (RAS, CAS, W, OE) 


Input Capacitance (DQ1~DQs) pF 
AC CHARACTERISTICS (°c <ta<70°C, Vov-3.3V+0.3V, See notes 1,2) 
Test Condition : Vih/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 
- -7 -8 ; 
Parameter Symbol rin | Max | sate sace: | Wie | hace Units | Notes 

Random read or write cycle time tRc 110 |- 130 150 ns 
Read-modify-write cycle time trwc {| 155 185 ‘ei | 205 | ns {_ 
Access time from RAS tRAC 60 70 | 80| ns | 3,4,11 
Access time from CAS tcac 15 _| 20 “20 | ns | 34,5 
Access time from column address tAA 30 35 40) ns 3,14 
CAS to output in Low-Z | toiz 0 ol ae ns 3 
Output buffer turn-off delay . torF 0 15 | 0 20 0 20; ns 7 

- . | Transition time (rise and fall) tT 3 50 3 50 3 50; ns 2 
RAS precharge time | tre | 40 aid 50 i ol | ns ‘a 
RAS pulse width : tRAS 60 | 10,000 | 70); 10,000) 80; 10,000; ns 
RAS hold time | tRSH % | 2 20 ae ns | 
CAS hold time tcsH 70 | 80 ns | 
CAS pulse width ~ | teas 15 | 10,000 10,000; 20 ico | ns 
RAS to CAS delay time taco 20 50 | 20 60} ns 4 
RAS to column address delay time tRAD oe 35 | rl : pia | i | 
CAS to RAS precharge time tcrP 5 ns” 
Row address set-up time tAsR 0 ns- 
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AC CHARACTERISTICS (Continued) 


+ Units 

Row address hold time 

Column address set-up time 0 0 ns a 
Column address hold time __|_tCAH 15 j 15 ns 

Column address hold time referenced to RAS taR 55 60 ns | 6 
Column address to RAS lead time _ TRAL 35 | 40 ns 

Read command set-up time ~ tRCS 0 0 ns 

Read command hold time referenced to CAS |_tRCH r 0 0 ns 9 
Read command hold time referenced to RAS { tRRH 0 0 ns ] | 
Write command hold time. tWCH 15 15 ns 

Write command hold time referenced to RAS | 60 ns 6 
Write command pulse width 7 15 | ns | 

Write command to RAS lead time 20 | _ ns 

Write command to CAS lead time 20 | ns 

Data set-up time . 0 ns 10 
Data hold time = _ oie 5 | ns 10 
DataholdtimereferencedtoRAS 60 ~ ns 6 
Refresh period (Normal) = 32] ms 

Refresh period (Low power & Self Ref.) _ 128] ms 

Refresh period (Super Low power) 256] ms 

Write command set-up time 0 | ns 8 | 
TAS to W delay time 50 =a 8 
RAS to W delay time 110 | ns 8 
Column address to W delay time 70 ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsrR 10) 10 | | 10 ns 

CAS hold time (CAS-before-RAS refresh) tCHR 10° 15 | 15 ns 

RAS to CAS precharge time tRPC 5 5 5 ns 

CAS precharge time (C-B-R counter test cycle) | tcPT 20 30 | 30 | ns 

Access time from CAS precharge _ tCPA 35 | a 40 45 |_ns 3 
Fast Page mode cycle time tPc 45 | 50 ns 
| Fast Page mode read-modify-write cycle time tPRWC 100 105 |_fs 

CAS precharge time (Fast Page mode) tcp | 10 | 10 | |_ns 

RAS pulse width (Fast Page mode) : tRASP 200,000 70 | 200,000; 80 | 200,000, ns | 

RAS hold time from CAS precharge tRHCP 40 | 45 ins 

OE access time tOEA 15 20| 20; ns 

OE to data delay | tOED 00 | 20 | ns | 
Out put buffer turn off delay time from OE tOEZ 15 | 0 | 20 0 20 |_ns | 

OE commend hold time 
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AC CHARACTERISTICS (Continued) 


[ws | to) | 10 


Write command set-up time (Test mode in) 


Write command hold time (Test mode in) 


W to RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 

RAS pulse width (C-B-R self refresh) 
RAS precharge time (C-B-R self refresh) 
CAS hold time (C-B-R self refresh) 


TEST MODE CYCLE : | (Note.12) 
[Min | Max | Min | Max | Min | Max_ 

Random read or write cycle time tRC ais{ sf vas] sf asf | ns | 
Read-modify-write cycle time | trwc 160] | 1900| | aol tor] | 
Access time from RAS tRAC | | es| | os] 88s | 3,411 | 
Access time from GAS two | | of | ||| ns | 34s | 
Access time from column address tAA |] 3s] | ao] S| as] ons | ott | 
RAS pulse wiath tas | 65| 10.000| 75| 10,000| 85 | 10,000} ns | | 
CAS pulse width tcas | 20| 10,000] 25| 10,000| 25| 10000] ns | | 
RAS hold time trsy | 20] | 

CAS hold time . tcsH_ | 65 (=. 
Column address to RAS lead time tRAL 35 

CAS to W delay time tcwo 45 

RAS to W delay time tRWD | 90 | 

Column address to W delay time tawD | 60, 

Fast Page mode cycle time tPcC 45 

Fast Page mode read-modify-write cycle time | tprwc| 90 | 105 

RAS pulse width (Fast Page Mode) tRASP 65 | 200,000} 75 | 200,000; 85 200,000 | ns 

Access time from CAS precharge _ tCPA 40 45 50 ns 3 
OE access time 20 | 25 25| ns 

OE to data delay © toeD 20 25 25 ns 

OE command hold time tOEH 20 25 | 25 ns 
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NOTES 
1 


om 


An initial pause of 200#s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. ViK(min} and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 100pF and 


Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) 


. Operation within the tRcp(max) limit insures that 


tRAc(max) can be met. tRcD(max) is specified as a 
reference point only. If trcp is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tRcb >trRcp (max). 
. TAR, twcr, tDHR are referenced to tRAD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VOH or VoL. 


. twcs, tRwpd, tcwod and tawp are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo >tcwo(min), tawo > 
tawo(min) and tawb > tawp(min), then the cycle is a 


TIMING DIAGRAMS 


READ CYCLE 
RAS ViIH— 

Vit— 
CAS 
A 
a Vin— 
Vit— 

4+—-taa + 

Ve— AYA 

CE IRN 
: : tcac- 
es — trac |. 

DQ; -DQ, ve ~ OPEN 


10. 


11. 


12. 
13. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

Either tRCH or tRRH must be satisfied for a read 
cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max) limit insures that 
trac(max) can be met. trRAD(max) is specified as a 
reference point only. If tRaD is greater than the 
specified tRAD(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of tRAC, ta, tcAc 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 


. torF(max) and toez(max) define the time at which 


the output achieves the open circuit condition and 
are not referenced to output voltage level. 


. 2048 cycle of burst refresh must be executed 
‘within. 16ms before and after self refresh, in order 


to meet refresh specification. 


AKIN VV/VVYVYW@JV¥YW¥JYVWJVY W® WYPV®@?WPWPW@YPIY AV 
TRAYS 
torr 


VALID DATA-OUT D 


kX DON’T CARE 


SAMS Ue 
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' TIMING DIAGRAMS continued) 
WRITE CYCLE (EARLY WRITE) 


tre 
t tre 
= ge = RAS 
; Vi 
tcrnp inan ; | 
tase —eegecce peel 
A Vin KKK (™) = COLUMN BLIKKKKIKK KKK RKKKKKRK Wy Ny 
vu DOOM AddnessPROM SURES DAY XLRI 
; r— trap 
ory Vin— FYYVVVVVUYUV A " vAVAV. Wave aAV.W.V.VAV.VVATAVAT AV AV AY AVAVAVATAVAW AU AVAWAVAVAVAY 
. vi— SXXXXOOREAE OSORNO XR XX 
ia twcer 
tRWL 
NTT bem aaa AVA A'@'O'AVR'AO' a AYA'AVA'A'A'A'AVAVA’AVAYAV.V,V.V.VVA A AVAVATAYA'AYAVATAVATAVAVAVAVAW.VATAVATATA AVA W AWAY ¥ 
= Vi BERRI KKK KK KKK KRY KR RE 
) een 2 
tos fs] 
ae, Cimon} os 
WRITE CYCLE (OE CONTROLLED WRITE) 
tre 
tras trp 
ae : 
tcsH 
tcrp 
— taco 
ew Vin— 
me an Cee ae, 
tasR | | traH | tasc than 
Vin— ARIA aya eVava"aavaavas“avaaaavalavayaa’a’aa’avay, 
A va COX ReBhess AP sponte PKR RX RY) 
towL 
: tRWL : 
— A aT hee %aVa¥ aa Va AV AYAVaVavaVaVaVavaVaVAVAVAVAVATAVAV A's , (ASV VYVVVVVVVV VY YYVVVYYVVVYVV 
vn XEXXRRKX ALYY KRKKXXAY DS XXXL XN ARKXXRXENY 
— |toeH 
ViH— SV VV SV VVVVVV VV VY TIVITAYAVAVATAYATAWA¥,VATATATATAVAVATATANATANAATAVATOTATAWAT 
FF a ROOMY KX KXK KX RKXAXAKAKAXKAR 
—:tDH ou : 
Vin— CAS VV YV Tar aVaVat a Alaa Alas AVAVAVATAVAVA ATAVATATAVATA’ 
mee a SK vatin aren KK 


KX DON’T CARE 
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TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 


RAS 
CAS 
A R . COLUM YX KV VK KV KKK RV KKK KV KIN 
| RK _AaomesS DORK MK 
: —-- at tawo———- ee 
> tRAD- L— tcwp —b-—tew—- 
a. ———- a -+—- trwp — tRWL 4 
Ww Vie— ,v,0,9, 
¢ 
Vit— tAA \ we ANY AL XX 
| toEa | 
nr, Vip— HAA OYYYV AAP IV Y 
OE Va YN ae 
| tom tcac tps 
a taach--— po toH 
VilOH — ", A. MYYVAVVVYYVY 
coe ERCP Sete HORA 
— 


FAST PAGE MODE READ CYCLE 


MK 


OSX 


bane trasP — cua eee 
ss Vin— 
RAS 
Vit— 
tec 
t 
tcrpe demas ee ies not] 
a Vin—- 
CAS ae We tcas j tcas { / 
trap tcais ipa 
Anan traH —_tasc__|_'CAH tase tcaH 
vo MTA SHR TIRE aR Er 
A Vi BAR ADD IRR. RBDRESS IRYYXYKK aooness KORA pores DRC 
wo] [teed 1 f Eyl | 
w > SORRY 1 a TRIBE 
Vir— MASA 0.9.0.0. y t (x XX XX 
taa RRH 
se in BRYRRXRYERYRYYY) ry BYYYRRA 1 ARK KKRRRKRY 
DE Vit— XXXXXKXKXXKXXKXA MN X) NRAAAAAA AX XOOOOXKA AXXXX 4.4.9, xX X) 
tcac 
| —-__— trac Al Ree es torr 
tcLz toez 
_ | bf Pa 
rae — (EEE 8 
Vous LYN DATA-OUT. YA DATA-OUT (YA. _DATA-OUT Y 
kX DON'T CARE 
949 
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TIMING DIAGRAMS (Continued) 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


RAS 


CAS 


S| 


DQ, -DQs 


RAS 


CAS 


=| 


DQ,-DQg, 


tre 
-—~—  -trasP wee —| | 
— tar J : 


tec | t 
TORR’ estos’ ee ti«‘CYP PR eg Sw SS RSH- =| 
aa ees top — 
\\ tcas tcas— N tcas { / 
4 
tran | “ “Toa | t , tcaH ! ae 
ies RAH | | Ltcan | see) ON 
2 : | tasc| __tcaH | 


NIX R00 RAK, SBoncss AXXO Sones PY, Seowess NAVA) 


t : ! 1 
= RAD | Le +— tewL——— twes tcwL- t - tCWLe 
| an | wcs —| fs 
twoH_ | | twoH | tRWL 
-twes-—4 b+ + | 
tWcH 


VYVYYYVYYYV YY mol pete ALYY YY twe —_ AVY XY YA WIVVVYVVYVVY 
KK AS YET” ET = RS 


LK KKK KR KA VYVVV RRR VVY Aaa aVaVara¥a"a¥ava'ata¥a'e’ava’avava¥aa’a’s 
SRR RKC YN aus 


PRY KYO 


. SOS a { j | | 
itps | | tox : tos!) toy tos |! tox 


NN ESE NN CL 


ip es tcsH— Spee aS | 


tre 
ee ae ee ee ee ee a — 
| 


p——- -. -.. — tg —--—_—_— 


few tcrP 


—-trcp-—4j— ~~ tcas —-- 


VV/VVYVVV ¥ VWYVJ/Y YY VWYVVYYVYVYVYVVYVYVVVVY . 
ON EE iN LIONS 


EX] 20n't cane 
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TIMING DIAGRAMS (continuea) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 


— Vin— 
RAS Wie 
ee Vin— 
CAS 

Vi— 


[*Ase i | 
no RRR now amo XRAY ONO 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 


RAS 


CAS 


| torr 
VuioH — . 
DQ,-DQg Vio. — : OPEN seers SR SNTNNERLT 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 


AAS Vin 
Vii — 
eee Vin — 
CAS 
Vit — 
VoH 
DQ,-DQg 
VoL 


XX] DON’T CARE 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
a ees 


7 ae. — -—tRas tre -—- tras - trp 
RAS taR - 
Vii— 
| 
: ie |. tacp —_—++-—- trsH — + {CHR ae | 
CAS ae tas \\ 
tasR t+ — ae P[teae | ; 
Vin- 0 K\ + vsVaaVa¥a¥aTaVaVa¥aTAvAvaVaVavAvavavavaVa¥aravavavavavavavavavavavay, 
mc AK BRYA SSSREES DRAKA KRY) 
. | trcs | | . | tRRH 
at Vie— WAYWVYVVV AIA VV IVVVVIV VV VV VV WV VV 
= ERT | ____ESREERCEEOIOTINIEO 
== VIH— AI VV YV\ | toca ; JIVIWYVIWVVWYVWYVVWVW¥ W/W YY¥V/V/ 
me RO RR 
oe 4 
DQ,-DQs Vou— 


HIDDEN REFRESH CYCLE (WRITE) | 
— trc —-—- tro 
; Oo OA AAA AAA AV AVA AVAVAVAAYAYAYAYA AVA TAY: 
sBonss XX RKO KL KK 
ae Vie YOAV YVYVVYVYVVV VV VV YP VP YY YY VV VV YYYVYYVY 
Fa RRR RRC RR RII 


Vv XX 
pero Vit— X) XX) 


i “—-—— tDHR - 


YP 


KK 


iA 


kX DON’T CARE 
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CMOS DRAM 


TIMING DIAGRAMS (Continued) 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


tras 


trp 


a Viq— 
RAS 
Vit— . 
| tose ~tcHr top - tRSH 
CAS nae \ tcas- Zz, 
at all 
P Vin * OXKKKK KK TKK RR) -— N (XYYKK KKK KX WYK AYYYXY KX KY YX 
1 RAG _aeoness DRANK ach 

READ CYCLE ea or 

— Viq— YY AAAAA YAS AA/AA/V¥9 AAA /\/ 

vee COON ees, XXX 

2 Vin— AAKAIWIWVVWVAAWVANAIAA AIA | t0£A EAAAAIAIKARAR IAA 

oF Va ORK an 

torr 
es 

— os ccs 

WRITE CYCLE 

a! Vin— W/VVA/J/A/VY JY AAAS A/V tne VYVVVVVV/VVVV/VV/V/VVV 

Mn le UN AYN NY 

"ds Vip— AAA/SSVYYVVA/VVVVVVV V VV VV VIVV VW VV VV VV VV VV A/VV VV V VV 

TU UO ALU WACO ALO AOroastsbiorur brousreutiocireriroecororrorehrirorsiiiniin 

ee rs ee 

towe 

READ-MODIFY-WRITE I wo mm — 

_ Vin— AKAAIKAIIKIIOII UO twe , JOO 

w 1 RRR RK YY OY) 

a Vin— STII RR RTI 

OE Ve TALK 

; tbH 
DQ,DQ, ea (X) a ) Ea 
BaUeour” | 


KX DON’T CARE 
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PACKAGE DIMENSION 
28-LEAD PLASTIC. SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.720(18.29) 
0.730(18.54) | 
Pe 


0.027(0.69) 


0.375(9.53) 
0.446(11.30) 


0.365(9.27) 
0.435(11.05) 


0.395(10.03) 
0.405(10.29) 
0.008(0.20) 
0.01 2(0.30) 


LIL LILI | 
0.026(0.66) 
0.032(0.81) 0.140(3.56) 


0.148(3.76) 


iS] 0.004(0.1) 
0.050(1.27) 
MAX 


siaeatic | 0.050(1.27) 
0.020(0. ne TYP 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.740 (18.80) ‘ 0.03 . aoe 80) 


0.005 | _ 2.005 0.15 13) 


0.722 (18.36) 0.037 (0.95) 0.008 (0.20) 
0.726 (18.46) 0.041 _f 0041 (1.06) 05) 
0.037 (0.95) a 0.048 (1.22) 4 [a 0.016 (0. ao) 
0.052 (1.32) 0.020 (0.50) 


0.459 (11.66) 
0.466 (11.86) 


0.398 (10.11) 
0.402 (10.21) 
0.423 (10.76) 


- 0.016 (0.40) 
0.024 (0.60) 
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KM48V2004A/AL/ALL/ASL 


CMOS DRAM 


2M x8 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


* Performance range: 


me [ie oe [ee 
 RRBOATALLASL | ew | re [TO | tm 
RaenOWALALLASL-| ew | ne [160 | ot 


¢ Fast Page Mode with Extended data out 

¢ Self Refresh Operation (LL-ver. only) 

- Byte Read/Write operation 

- CAS-before-RAS refresh capability 

¢ RAS-only and Hidden Refresh capability 

« LVTTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

¢ Single+3.3V+0.3V power supply 

¢ 4096 cycles/64ms refresh (Normal) 

« 4096 cycles/128ms refresh (Low power & Self Ref.) 
* 4096 cycles/256ms refresh (Super Low power) 
« JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP({II) 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


Refresh Timer 
eee 
Refresh Control 
Refresh Counter 
[| Row Address Buffer 
Col. Address Buffer 


AQ~A11 


A0~A8 


Ves Generator 


Vopb 


Memory Array 
2,097,152x8 
Cells 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM48V2004A/AL/ALL/ASL is a high 
speed CMOS 2,097,152 bitx8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM48V2004A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48V2004A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Data in 
Buffer 


Data out 
Buffer 


Sense Amps & IO 
Lene sreee J) 


ei” 
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KM48V2004A/AL/ALL/ASL aaa CMOS DRAM : 


PIN CONFIGURATION (top views) 


+ KM48V2004 AJ/ALJ/ALLJ/ASLJ + KM48V2004 AT/ALT/ALLT/ASLT ¢ KM48V2004 ATR/ALTR/ALLTR/ASLTR 


DQ, DQ, 
DQo2 DQ2 
DQ, 44 DQ3 
DQ, DQ, 
W = 
AS RAS 
Atl Alt 
Ai0 Aio 


Voo VDD 


J: 400MIL T: 400MIL (Forword) _ TR : 400MIL (Reverse) 


Address Inputs 
Data In/Out 


Ground 


Row Address Strobe 


Read/Write Input 
Data Output Enable 
Vob Power(+3.3V) 


Column Address Strobe 


en | < 
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KM48V2004A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


eae ae 
Tstg 


-0.5~ 4.6 


Storage Temperature | Teg -55 to + 150 
Power Dissipation | PC 1 


Short Circuit Output Current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (voltage referenced to Vss, Ta=0 to 70°C) 


[Parameter | Symbol | Min 
Supply Voltage 3.0 


Input High Voltage 
input Low Voltage 


ae J see 


Parameter 


KM48V2004A/AL/ALL/ASL-6 
KM48V2004A/AL/ALL/ASL-7 
KM48V2004A/AL/ALL/ASL-8 


KM48V2004A 

Standby Current KM48V2004AL 

(RAS=CAS=W=Vin ) KM48V2004ALL 
KM48V2004ASL 


KM48V2004A/AL/ALL/ASL-6 
KM48V2004A/AL/ALL/ASL-7 
KM48V2004A/AL/ALL/ASL-8 


KM48V2004A/AL/ALL/ASL-6 


Hyper Page Mode Current” KM4BV2004A/AL/ALL/ASL-7 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM48V2004A/AL/ALL/ASL-8 


, KM48V2004A 

Standby Current KM48V2004AL 
(RAS=CAS=W=Vop-0:2V) KM48V2004ALL 
KM48V2004ASL 


- KM48V2004A/AL/ALL/ASL-6 
KM48V2004A/AL/ALL/ASL-7 
KM48V2004A/AL/ALL/ASL-8 


Operating Current* 
(RAS and CAS Cycling @trc=min.) 


RAS-Only Refresh Current* 
(CAS=ViH, RAS Cycling @trc=min.) 


CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trc=min.) 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (ViH)=Vpp-0.2V 
input Low Voltage (Vit)=0.2V CAS=CAS-Before-RAS Cycling 
or 0.2V DQi~DQs=Don't Care trco=31.25ys(L-Ver) 
62.5#s(SL-Ver), tras=tras min.~300ns 


Self Refresh Current 
RAS=CAS=0.2V 
W=OE=A0-A11=Vop-0.2V or 0.2V 
DQ1~DQs=Vop-0.2V, 0.2V or Open 


, ° = 
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KM48V2004A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


Input Leakage Current . 
(Any input O<Vin <Vpp+0.3V, all other pins not under test=0 volts.) a kL = Ip fs 
oe aici | jw | 0] 10 | oA 
| Output High Voltage Level (loH=-2mA) . ae VoH 2.4 | - V 
Output Low Voltage Level (lo.=2mA) VoL = 0.4 V 


*NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icc4, Address can be changed maximum once within one Hyper Page cycle. 


CAPACITANCE cta=25°c, Vov=3.3V, f=1MHz)) 
ravanster Sib 


Input Capacitance (Ao~A11) 


Input Capacitance (RAS, CAS, W, OE) 
Output Capacitance (DQ1~DQs) 


AC CHARACTERISTICS (0°c<Ta<70°C, Vov=3.3V+0.3V, See notes 1,2) 
Test condition: Vin/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 


Parameter Symbol = w ik Units} Notes 
| Min | Max | Min| Max | Min | Max 

Random read or write cycle time 150 | ns 
Read-modify-write cycle time 205 | ns_| 

Access time from RAS i 70) ae 20 | ns_| 34,11 
Access time from CAS 20 —_ 20 | ns | 3,4,5 | 
— time from column address 35 | ail 40 |_#s 3,11 
CAS to output in Low-Z 3 ns 3 

OE to output in Low-Z 3 i ns | 3 
Output buffer turn-off delay from CAS He 20|_ 3| 20 |_ fs 7,14 
Transition time (rise and fall) = 50 ie 2 50 |_ ns 2 
ees precharge time ip s0| 60 | ns | 

RAS puise width 40,000 80 | 10,000! ns | 
RAS hold time [ol 20 | | | | 
CAS hold time tT 60 L ns A 
CAS pulse width 10,000 {| 20 10,000 | ns | 

RAS to CAS delay time 50| 20! 60] ns 
| RAS to column address delay time 35 15 fees 40 | ns a 4 
CAS to RAS precharge time ; 5 T ns 11 
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KM48V2004A/AL/ALL/ASL CMOS DRAM 


AC CHARACTERISTICS (continued) 


-6 -7 -8 
Parameter Symbol a Units ; Notes 
Min | Max Mi Max Min | Max 


Row address set-up time tASR 0 Je3 0 — 0 [os 

Row address hold time | tRAH 10 10 | 10 = ns bee 
Column address set-up time tasc 0 0 0 ns | 
Column address hold time [toa 10 T ud 15 ns _| 
Column address hold time referenced to RAS taR 45 55 [ 60 i ns 

Column address to RAS lead time tRAL 30 35 40 ns 6 
Read command set-up time | tres 0 0 [ | Oo} | ns ] 

Read command hold time referenced to CAS tRCH 0 ) ) ae 

Read command hold time referenced to RAS [tren ) le 0 0 ns 9 
Write command hold time tWCH 10 15 15 rf | ns |g 
Write command hold time referenced to RAS twcR 45 55 a 60 ns 73] 
Write command pulse width twp 10 15 15 ns 6 
Write command to RAS lead time tRWL 15 + 20 = 20 | | ns i= 
Write command to CAS lead time | tow. 10 | 15 20 ns 

Data set-up time tps 0 0 0 ns 10 
Data hold time tDH 40 | 15 15 ns 10 


Data hold time referenced to RAS Htone | 45/0 | 55 60 ns 6 


Refresh period (Normal) tREF 64 64 ‘64| ms 


Refresh period (Low power & Self Ref.) tREF 128 128 128] ms 

| Refresh period (Super Low power) tREF 256 | 256 a 256| ms | 

Write command set-up time twcs 0 0 0 ns 8 
CAS to W delay time | tewo 40 | 50 50 | ns_| ae 
RAS to W delay time tAwo 85 |_ 100 i 110 | [ns 8 
Column address to W delay time tawo 55 | 65 70 Re ns 8 
CAS precharge to W delay time tcpwo | 60 70 75 [ ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsR 10 10 | 10 ns_ | 

‘CAS hold time (CAS-before-RAS refresh) tCHR 10 15 15 Li 

RAS to CAS precharge time ij tRPC 5 [5 Sf |__ns 

CAS precharge time (C-B-R counter test cycle) tcPT 20 30 30 ns 

Access time from CAS precharge _| tera 35 40 | 45| ns 3 
Hyper Page cycle time ae tHPC 24 29 wid) ns 17 
Hyper Page read-modify-write cycle time | tere 71 86 | 96 ns 7 | 
CAS precharge time (Hyper Page cycle) tcp 10 10 10 ns 

RAS pulse width (Hyper Page cycle) tRASP 60 | 200,000 | 200,000 | 80 | 200,000 ns 

[RAS hold time from CAS precharge : | trHoe | 35 | 40] 45 | |_ns 

OE access time tOEA 15 20 20|- ns 
== aad Bi ean 

OE to data delay toED 15 20 20 


| AMSUN Ge | . | | 959 
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AC CHARACTERISTICS (ontinuea) 


Output buffer turn off delay time from OE | to | 3{ 15; 3] 20] 3] 20] ns | 7,14 | 
OE commend hold time | ton | 15} | 2 


Write command hold tire (Test mode in) 
W to RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 
Output data hold time 
OE to CAS hold time 
CAS hold time to OE 

| OE precharge time 


Ss 


W pulse width (Hyper Page Cycle) 
Output buffer turn off delay from RAS 
Output buffer turn off delay from W 


Bes 
aa 
ee 
si 
a 
el 
aa 
ead 
oe 


| 
—s 
r 


RAS pulse width (LL-ver) 
RAS precharge time (LL-ver) 
CAS hold time (LL-ver) 


| | ne | 
— 

ns 
ae ES 
ied ite 
|| | 
Eacet)| seat 
Pca 2 oes 
|| as | 
| | ts | 
20/8 | 
| 20/ ns | 
| | ne | 
Ea ae 
le S| 
hs iealtonel 


r=) No a poe [oe 
oO};a oO, nn o|;}o|;|o 
nN 
a 
a;o —_— a joa 
clo oo Oo Oo 1|o 


TEST MODE CYCLE 7 | (Note.12) 


_ |Random read or write cycle time 
t y time 


-7 


— 
= 
a 
4 
Le) 
a 


_ 
o> 
oO 


Read-modify-write cycle time 
Access time from CAS 
Access time from column address 


Ba UUUUE g 


CAS pulse width 


—_ 
i= 
S 
No 
So 
a 
i) 
(=) 
S 
S 
1) 
oa 
=) 
° 
S 
.o) 


RAS pulse width 


a | oe |e 
i) 9 


$ time fr 
. | RAS to W dela 
, 
RAS pulse width (Hyper Page Cycle) tRASP 


ris 
i?) 
22 


Tis |F 
Hau 


RAS hold time : 
CAS hold time . 
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KM48V2004A/AL/ALL/ASL 


CMOS DRAM 


TEST MODE CYCLE (Continued) 


Parameter 


Access time from CAS precharge 


OE access time 


OE to data delay toeD 


OE command hold time 


TEST MODE DESCRIPTION 


The KM48V2004A/AL/ALL/ASL is the CMOS DRAM 
organized 2,097,152 words by 8 bit internally 
erganized 1,048,576 words by 16 bits. In " Test Mode’, 
data are written into 16 sectors in parallel and retrieved 
the same way. Column address bit AO is not used. If 
upon reading, two bits on one I/O pin are equal (all "1" 
or "O"s) the I/O pin indicates a "1". If they were not 
equal, the I/O pin would indicate a "0". In Test Mode", 
the 2Mx8 DRAM can be tested as if it were a 1Mx8 


NOTES 


1. An initial pause of 200us is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 

2. Vin(min) and ViL(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs, without tHec and 


tHPRWC. 
3. Measured with a load equivalent to 1TTL loads and 


100pF. 

4. Operation within the trcp(max) limit insures that 
trac(max) can be met. trcp(max) is specified as a 
reference point only. If taco is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 

. Assumes that tcp >tRCD (max). 

. tar, twcr, tbHR are referenced to tRAD(max). 

7. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to VoH or VOL. 

8. twcs, trwp, tcwp and tawp are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwp(min), trawo> 
trwp(min) and tawp >tawo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


oo 


“DRAM. W and GAS before RAS Cycle (WCBR, Test 


Mode In Cycle) puts the device into "Test Mode", And 
"CAS before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test 
Mode, "W and CAS before RAS Refresh Cycle" 
peforms the refresh operation with internal CBR refresh 
address counter. "Test Mode" function. reduces test 
time (1/2 in cases of N test pattern). 


9. Either tRCH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the trap(max) limit insures that 
tRac(max) can be met. trap(max) is specified as a 
reference point only. If tRaAD is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 

12. These specifications are applied in the test mode. 

13. In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns.for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

14. trEz(max), tceEz(max), twez(max) and toez(max) 
define the time at which the output achieves the 
open circuit condition and are not referenced to 
output voltage level. 

15. 4096 cycle of burst refresh must be executed 
within 64ms before and after self refresh, in order 
to meet refresh specification. 

16. If RAS goes high before CAS high going, the open 
circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going 

17. tasc 2 tcP(min), Assumn tT=2.0ns 
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KM48V2004A/AL/ALL/ASL CMOS DRAM 
TIMING DIAGRAM . 
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WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : Dour = OPEN 
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READ - MODIFY - WRITE CYCLE 
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HYPER PAGE READ CYCLE 
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HYPER PAGE WRITE CYCLE (EARLY WRITE) 
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HYPER PAGE READ-MODIFY-WRITE CYCLE 
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HYPER PAGE READ AND WRITE MIXED CYCLE 
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RAS-ONLY REFRESH CYCLE 
NOTE : W, OE , Dw = Don't care 
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CAS-BEFORE-RAS REFRESH CYCLE 
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HIDDEN REFRESH CYCLE ( READ ) 
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HIDDEN REFRESH CYCLE ( WRITE ) 
NOTE : Dout = OPEN 
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KM48V2004A/AL/ALL/ASL CMOS DRAM 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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TEST MODE IN CYCLE 
NOTE : OE, A= Don't Care 
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PACKAGE DIMENSION | 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.720(18.29) ‘| 0.027(0.69) 
é 0.730(18.54) ; _ MIN 
PIC rm mo as 


0.395(10.03) 
0.405(10.29) 
0.008(0.20) 
0.012(0.30) 
0.365(9.27) 
0.375(9.53) 
0.435(11.05) 
0.445(11.30) 


0.140(3.56) 
0.148(3.76) 


LJt J A J 
irs 0.026(0.66) 
0.032(0.81) 


[eco 


0.050(1.27) 
MAX 


0. 0.016(0.41 41 0.050(1.27) 
0.020(0.51 020(0. = TYP 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


0.740 (18.80) , 0.03 See 80) 


ti 


0.005 |___ 0.008 1.13) 13) 
0.722 (18.36) 0.037 (0.95) 0.008 (0.20) 
; 0.726 (18.46) 0041 _ [bat (1.08) 05) 


a es, 
[O] 9.08 max _ | ee ee 


0.037 (0.95) | | 0.048 (1.22) | | 0.016 (0. wo} 
0.052 (1.32) 0.020 (0.50) 


0.459 (11.66) 
0.466 (11.86) 


_ 
= 
pi 
o 
= 
= 
Nn 
=} 
< 
° 


0.423 (10.76) 
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= 
«o 
DR 
By 
So 


0.016 (0.40) 
0.024 (0.60) . 
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CMOS DRAM 


2M x8 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


¢ Performance range: 


de [te | oe | | 
anePDANIRLIASCS | Sirs | ew | Ti | 25 


KM48V2104A/AL/ALL/ASL-8 


* Fast Page Mode with Extended data out 

* Self Refresh operation (LL-ver. only) 

¢ Byte Read/Write operation 

¢ CAS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 

« LVTTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

« Single+3.3V +0.3V power supply 

* 2048 cycles/32ms refresh (Normal) 
* 2048 cycles/128ms refresh (Low power & Self Ref.) 
¢ 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP!) 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


Refresh Timer 
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GENERAL DESCRIPTION 


The Samsung KM48V2104A/AL/ALL/ASL is a high 
speed CMOS 2,097,152 bitx8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM48V2104A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48V2104A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


VbD 
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Buffer 


DQi 
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KM48V2104A/AL/ALL/ASL CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM48V2104 AJ/ALJ/ALLJ/ASLJ + KM48V2104 AT/ALT/ALLT/ASLT + KM48V2104 ATR/ALTR/ALLTR/ASLTR 


J: 400MIL T : 400MIL (Forward) TR : 400MIL(Reverse) 


Row Address Strobe 


RAS 
Column Address Strobe 
WwW Read/Write Input 


Power. 
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KM48V2104A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter ————SS*dSSCS mbt 
Voltage on Any Pin Relative to Vss 


-0.5~ 4.6 
-0.5~ 4.6 
-55 to + 150 


[Vote on Voo Supply Rate to Vos oo 
[ siorpe Temperate Tos 
Power bisstin Si 
Shor Creat Output Curent ts 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS — referenced to Vss, Ta=0 to 70°C) 


Supply Notage 


Input High Voltage 
Input Low Voltage 


Operating Current* 
(RAS and CAS Cycling @trc=min.) 


Standby Current 
(RAS=CAS=W=Vu ) 


RAS-Only Refresh Current* 
(CAS=Vin, RAS Cycling @trc=min.) 


Hyper Page Mode Current* 
(RAS=ViL, CAS, Address Cycling @tec=min.) ° 


Standby Current 
(RAS=CAS=W=Vop-0.2V) 


CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trc=min.) 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (Vin)=Vop-0.2V, 
Input Low Voltage (Vit)=0.2V, CAS=CAS-Before-RAS Cycling 
or 0.2V, DQ1~DQs=Don't Care, trc=62.5s(L-Ver) 

. | 1254s(SL-Ver), tras=tras min.~300ns 


Self Refresh Current 
RAS=CAS=0.2V 
W=OE=Ao-A10=Vop-0.2V or 0. ov 
DQ1~DQs8=Vpp-0.2V, 0.2V or Open 


canes 
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KM48V2104A/AL/ALL/ASL-7 
KM48V2104A/AL/ALL/ASL-8 


KM48V2104A 
KM48V2104AL 
KM48V2104ALL 
KM48V2104ASL 


KM48V2104A/AL/ALL/ASL-6 
KM48V2104A/AL/ALL/ASL-7 
KM48V2104A/AL/ALL/ASL-8 


KM48V2104A/AL/ALL/ASL-6 
KM48V2104A/AL/ALL/ASL-7 
KM48V2104A/AL/ALL/ASL-8 


KM48V2104A 


“KM48V2104AL 


KM48V2104ALL 
KM48V2104ASL 
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DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


Parameter 


Input Leakage Current 
(Any input 0< Vin <VppD+0.3V, all other pins not under test=0 volts.) 


Output Leakage Current 
oe out is disabled, OV<VouT <Vbp) 
‘e) 


utput High Voltage Level (loH=-2mA) 


Output Low Voltage Level (loL=2mA) 


*NOTE: Icc1, icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icca, Address can be changed maximum once within one Hyper Page cycle. 


CAPACITANCE (ta=25’c, Voo=3.3V, f=1MHz)) 


Input Capacitance (Ao~A10) 


input Capacitance (RAS, CAS, W, OE) 
Output Capacitance (DQi~DQs) 


AC CHARACTERISTICS ('c<tTa<70°C, Von=3.3V £0.3V, See notes 1,2) 
Test Condition : Vin/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 


-6 -7 -8 
Parameter Symbol 1 Units 
rete Max | Min | Max | Min | Max Nee 


Random read or write cycle time 


Read-modify-write cycle time 


Access time from RAS 60 70 80; ns | 3,4,11 
Access time from CAS 15 20 20) ns | 3,4,5 
Access time from column address 30 35 fe 40] ns 3,11 
CAS to output in Low-Z 3 if 3 ns 3 
OE to output in Low-Z 3 3 ns 3 
Output buffer turn-off delay from CAS 15 3 20 3 20| ns 7,14 
Transition time (rise and fall) a 2 50 [2 50} ns 2 
RAS precharge time 50 ~. 288 ns | 

RAS pulse width 10,000 | 70) 10,000} 80; 10,000] ns 

RAS hold time 20 20 ns 

CAS hold time } 50 oa ns 

CAS pulse width 10,000 15 | 10,000; 20] 10,000) ns 

RAS to CAS delay time 45| 20 50 | 20 60| ns 

RAS to column address delay time 30 15 35 15 40; ns 4 
CAS to RAS precharge time 5 5 ns 
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AC CHARACTERISTICS (continued) 


Row address set-up time 


a 


— 
Oo 


Row address hold time 

Column address set-up time 

Column address hold time 

Column address hold time referenced to RAS 


a |a 
ao l]an 


+ hm {me |= o |— = 
a o1}Ol]N o|n o 


Column address to RAS lead time 


Read command set-up time 
Read command hold time referenced to CAS 


Read command hold time referenced to RAS 
Write command hold time 
Write command hold time referenced to RAS 


Write command pulse width 


Write command to RAS lead time 


— |}rRoO }— —_ 
apo ;n on 


Data set-up time 
Data hold time 
Data hold time referenced to RAS 


sid ic!ld 

¥ |Z 18 1g 

a ad 
Aa 
oO 
: 
ao 


= 
=. 
= 
@ 
Q 
° 
3 
3 
» 
=] 
a 
S 
.?) 
> 
n 
a 
p> 
a. 
ot. 
3 
® 
Z 
a is | 
So |alo 


[2 

ms ao 
Refresh period (Normal) tREF | | a2} | ga} | tt ms | 
Refresh period (Low power & Self Ref.) tREF | | tea] | tas] | t28] ms | | 
Refresh period (Super Low power) tREF | | as] | ase] =| 286] ms | 
[Writecommand set-uptime | twos | of | 0 pe 
CAS to W delay time tcwo | 40 | 50 50 8 
FAS io W delay ime oan kos er eee 
Column address to W delay time | two | 55 | 8 
CAS precharge to W delay time tcpwo | 60 | | Lz | | og | 
CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) ea 
RAS to CAS precharge time , | tree | 5 | 


CAS precharge time (C-B-R counter test cycle) tcPT 


~ | Access time from CAS precharge tCPA 
Hyper Page cycle time 


Hyper Page read-modify-write cycle time 


ho = Qo. 
°, oO So 
nm 
N i=] 
oO 


CAS precharge time (Hyper Page cycle) t 


cP 
RAS pulse width (Hyper Page cycle) tRASP 


RAS hold time from CAS precharge tRHCP 
OE access time tOEA 


00,000 
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st nN — NLR 1O 
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CMOS DRAM 


AC CHARACTERISTICS (Continued) 


[es a en ee (Atte ee 
Parameter smb Units | Notes 
eae 
Output buffer turn off delay time from OE tOEZ 15 3 20 3 20 ns 7,14 
OE commend hold time tOEH 15 20] 20 ns 
Write command set-up time (Test mode in) twIs 10 10 10 ns 
Write command hold time (Test mode in) twTH 10 10 10 ns 
W to RAS precharge time (C-B-R refresh) twrp 10 =i 10 10 ns | = 
W to RAS hoid time (C-B-R refresh) twRH 10 10 10 ns 
Output data hold time tDOH 5 5 aa ns 7,15 
OE to CAS hold time tocH 5 5 5 ns 
CAS hold time to OE tcHo 5 ia 5 5 ns 
OE precharge time |_toer 5 3] 5 fo ns 
W pulse width (Hyper Page Cycle) twPE 5 5 5 ns 
Output buffer turn off delay from RAs tREZ 15 3 20 3 | 20) ns 7,14 
Output buffer turn off delay from W twez 20/ 3] 20] ns | 7,14 
W to data delay 20 20 ns 
RAS pulse width (LL-ver) trass 100 HS 16 
RAS precharge time (LL-ver) tRPS lato] | 130 150 ns 16 
CAS hold time (LL-ver) tcHs | -50 | -50 -50 ns 16 
TEST MODE CYCLE (Note.12) 
Pera a eee a ne ee 
arameter ymbo i otes 
Min | Max | Min | Max | Min | Max_| 
Random read or write cycle time tRC ats} tas] sf t55] fons |e 
Read-modify-write cycle time trwc | 160 ns 
Access time from RAS trac | 3,4,11 
Access time from CAS __|_teac — 3,4,5 
Access time from column address taA 3,11 
RAS pulse width | tRAS 10,000} 75} 10,000] 85] 10,000) ns 
CAS pulse width tcas 15 | 10,000; 20] 10,000) 25/ 10,000 | ns | 
RAS hold time tRSH 20 25 25 ns 
CAS hold time tCSH 55 a 65 ns - 
Column address to RAS lead time tRAL 40 45 ns 
CAS to W delay time | towo 55 55 ns 
RAS to W delay time trwD 105 115 ns 
Column address to W delay time tawD 70 75 ns 8 
Hyper Page cycle time tHPG 34 39 ns ~ 
Hyper Page read-modify-write cycle time tHpRWC| 76 91 101 “lon 


RAS pulse width (Hyper Page Cycle) 


ELECTRONICS 


| tease | 65 | 200,000 75 | 200,000/. 85 | 200,000 
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KM48V2104A/AL/ALL/ASL 


CMOS DRAM 


TEST MODE CYCLE (Continued) 


Parameter 


Access time from CAS precharge 


OE access time 
OE to data delay 


OE command hold time 


TEST MODE DESCRIPTION 


The KM48V2104A/AL/ALL/ASL is the CMOS DRAM 
organized 2,097,152 words by 8 bit internally 
organized 1,048,576 words by 16 bits. In " Test Mode", 
data are written into 16 sectors in parallel and retrieved 
the same way. Column address bit AQ is not used. If 
upon reading, two bits on one I/O pin are equal (all "1" 
or "Q"s) the I/O pin indicates a "1". If they were not 
equal, the 1/O pin would indicate a "0". In Test Mode", 
the 2Mx8 DRAM can be tested. as if it were a 1Mx8 


NOTES 


1. An initial pause of 200s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 

2. ViH(min) and Vit(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs, without tec and 
tHPRWC. . 

3. Measured with a load equivalent to 1TTL loads and 
100pF. 

4. Operation within the trcp(max). limit insures that 

trac(max) can be met. tRcp(max) is specified as a 

reference point only. If tcp is greater than the 

specified trcpd(max) limit, then access time is 
controlled exclusively by tcac. 

Assumes that tRcp > trop (max). 

tar, twecr, tbHR are referenced to tRaD(max). 

. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to Vou or VoL. 

. twcs, tRwD, tcwD and tawp are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 

. duration of the cycle. If tcwo>tcwo(min), tawo> 
tawo(min) and tawp >tawp(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


NO 


fee] 


DRAM. W and CAS before RAS Cycle (WCBR, Test 
Mode In Cycle) puts the device into "Test Mode", And 
"CAS before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test 
Mode, "W and CAS before RAS Refresh Cycle" 
peforms the refresh operation with internal CBR refresh 
address counter. "Test Mode" function reduces test 
time (1/2 in cases of N test pattern). 


9. Either tacH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the trRap(max) limit insures that 
tRAc(max) can be met. tRap(max) is specified as a 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 

12. These specifications are applied in the test mode. 

13. In test mode read cycle, the value of trac, taa, tcAc 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

14. tREz(max), tcez(max), twez(max) and toez(max) 
define the time at which the output achieves the 
open circuit condition and are not referenced to 
output voltage level. 

15. 2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

16. If RAS goes high before CAS high going, the open 
circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high 
going, the open circuit condition of the. output is 
achieved by RAS high going 

17. tasc 2 tcpmin, Assumn tt=2.0ns 
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KM48V2104A/AL/ALL/ASL CMOS DRAM 
TIMING DIAGRAM | 
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CMOS DRAM 
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READ - MODIFY -WRITE CYCLE 
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HYPER PAGE READ CYCLE 
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HYPER PAGE READ-MODIFY-WRITE CYCLE 
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HYPER PAGE READ AND WRITE MIXED CYCLE 
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HIDDEN REFRESH CYCLE ( READ ) 
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HIDDEN REFRESH CYCLE ( WRITE ) 
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PACKAGE DIMENSION 7 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


i 0.720(18.29) 
r 0.730(18.54) : 


| 
T 
i L 0.026(0.66) 
0.032(0.81) 0.140(3.56) 
0.148(3.76) 
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28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 
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| 0.016 (0.40) ; | 
0.024 (0.60) 
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KM416C1000A/A-L/A-F 


CMOS DRAM 


1M x 16 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


« Performance range: 


P| trac | tone | tre 
KM416C1000A-6/A-L6/A-F6 | 60ns | 15ns | 110ns | 
KM416C1000A-7/A-L7/A-F7 
KM416C1000A-8/A-L8/A-F8 | 80ns | 20ns | 


¢ Fast Page Mode operation 
+ 2 CAS Byte/Word Read/Write operation 
- CAS-before-RAS refresh capability 
¢ RAS-only and Hidden Refresh capability 
* TTL compatible inputs and outputs 
« Early write or output enable controlled write 
* Triple +5V+10% power supply 
¢ Refresh Cycle 
- 4096 cycle/64ms (Normal) 
- 4096 cycle/128ms (L-version) 
- 4096 cycle/128ms (F-version) 
« JEDEC standard pinout 
¢ Available in plastic SOJ and TSOP Il packages 


FUNCTIONAL BLOCK DIAGRAM 


|Z 


LCAS Control 
UCAS Clocks 
WwW 


| 


Vcc 
Vss 
VBB Generator 


= 
= Fownsreuter 


Ao~A11 


Lower 
Buffer 


Memory Array 
1,048,576 x16 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM416C1000A/A-L/A-F is a CMOS high 
speed 1,048,576 bit x-16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers. 


The KM416C1000A/A-L/A-F features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416C1000A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 


DQi 


Cells 


Upper 
Data out 
Buffer 
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PIN CONFIGURATION (Top Views) 


* KM416C1000AJ * KM416C1000AT . _ + KM416C1000AR 


10 Vcc 10° 44 Vss 1 Veco 
2 Dai 2 DQi6 2 DQi 
3 DQe2 3 DQis5 3 DQz2 
4 DQs 4 DQu 4 DQs 
5 DQ4 5 DQi3 5 DQ4 
6 Vec 6 Vss 6 Voc 
DQs 7 DQi2 7 DQs 
ke DQs OJ 8 Dar 8 fn Das 
8 Dar O49 DQi0 9 En Da 
DQs 10 DQs9 10 DQs 
N.C. 11 N.C. 11 N.C. 
N.C. N.C. N.C. 
N.C. LCAS N.C. 
Ww UCAS Ww 
RAS OE RAS 
An Ag Att 
Ai1o As A1o 
Ao Av 18 7 Ao 
Ai As 19-0 Ai 
A2 As 20 [70 A2 
A3 AM 21,0 As 
Vcc Vss 22 [-D Vcc 
(SOJ) 
(TSOP(II)-Forword) (TSOP(II)-Reverse) 
Address Inputs 
rvs [Come 
Row Address Strobe 
Se Upper Column Address Strobe 
Lower .Column Address Strobe 
Read/Write Input 
| OF Data Output Enable 
[ies | rove 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter «iY SSarmbot—[——CRatng’ «SCs 
Voltage on Any Pin Relative to Vss . 
Voltage on Vcc Supply Relative to Vss ; a a eee 

fee 


Power Dissipation 


Short Circuit Output Current 


* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=0 to 70°C) 


Parameter 
Supply Voltage 
Ground 
Input High Voltage 


Input Low Voltage 


DC AND OPERATING CHARACTERISTICS | 


(Recommended operating conditions unless otherwise noted) 


KM416C1000A-6/A-L6/A-F6 
KM416C1000A-7/A-L7/A-F7 
KM416C1000A-8/A-L8/A-F8 


KM416C1000A 
KM416C1000A-L Icc2 
| KM416C1000A-F 


KM416C1000A-6/A-L6/A-F6 
KM416C1000A-7/A-L7/A-F7 
KM416C1000A-8/A-L8/A-F8 


KM416C1000A-6/A-L6/A-F6 
KM416C1000A-7/A-L7/A-F7 
KM416C1000A-8/A-L8/A-F8 


KM416C1000A 
KM416C1000A-L 
KM416C1000A-F 


KM416C1000A-6/A-L6/A-F6 
KM416C1000A-7/A-L7/A-F7 
KM416C1000A-8/A-L8/A-F8 


Operating Current" 
(RAS, UCAS or LCAS, Address Cycling @trc=min.) 


Standby Current 
(RAS=UCAS=LCAS=W=Vik) 


RAS-Only Refresh Current* 
(UCAS=LCAS=Vin, RAS, Address Cycling @trc=min.) 


Fast Page Mode Current" 
(RAS=ViL, UCAS or LCAS, Address Cycling @tec=min.) 


Standby Current 
RAS-UCAS=[CAS=W=Vcc-0.2V) 


— 


CAS-Before-RAS Refresh Current* 
(RAS, UCAS or LCAS Cycling @trc=min.) 


Battery Back-Up Current, Average Power Supply Current, 
Battery Back-Up Mode, Input High Voltage(ViH)=Vcc-0.2V, 
Input Low Voltage{Vit)=0.2V 

UCAS, LCAS=0.2V 

Din=Don't Care, tac=31.25ys (L-Version) 

tras=tras min~300ns 
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DC AND OPERATING CHARACTERISTICS (Continued) . 


. (Recommended operating conditions unless otherwise noted) 


ee ceerteer arene IE 


Self Refresh Current 
RAS=UCAS=LCAS=VIL 
paysite | Iccs 
W=OE=Ao-A11=Vcc-0.2V or 0.2V Kmatect oo 
DQ1-DQ16=Vcc-0.2V or 0.2V or Open 
Input Leakage Current _ I) -10 10 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 V) 
Output Leakage Current io 7 
’ {| (Data out is disabled, OV<VouT< Vcc) ” if HA 
Output High Voltage Level (lox=-5mA) | vow | 24] - |v 


Output Low Voltage Level (loL=4.2mA) 


“NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
once while RAS=VIL. In Icc4, Address can be changed maximum once while page mode cycle time trc. 


CAPACITANCE ta=25°c, Voc=5v. f=1MHz) 


Parameter 


Input Capacitance (Ao~11) 


Input Capacitance (RAS, CCAS, UCAS, W, OE) 
Output Capacitance (DQ1~DQ16) 


AC CHARACTERISTICS (0°c<tTa<70°C, Voc=5.0V+10%, See notes 1,2) 
(Test condition : ViWVIL=2. 4V/0.8V, VoH/VoL=2.4V/0.4V, Output Loading CL=100pF) 


a ee 
eae eae eae 
trac | mo] | a0} os | 
tr 
tas 
RSH 


30 


os = 
o;}n on 


nN NIM IN| 
oO 9 }/O JO ]}]O |w 


= 
on 


10,000 


CAS pulse width 
RAS to CAS delay time 
RAS to column address delay time 
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AC CHARACTERISTICS (continuea) 


-6 -7 
Parameter 
Min | Max | Min| Max 
5| 5 5 rs |_| 


CAS to RAS precharge time tCRP -* 

Row address set-up time tASR 0 0 nz ns 

Row address hold time tRAH 

Column address set-up time tasc 

Column address hold time tCAH lrs | | 

Column address hold time referenced to RAS tar 268 
‘| Column address to RAS lead time tRAL 

Read command set-up time tRCS 

Read command hold time referenced to CAS tRCH 

Read command hold time referenced to RAS tRRH 

Write command set-up time twcs 8 

‘Write command hold time “lise 

Write command hold time referenced to RAS twcr | 

Write command pulse width twP 

Write command to RAS lead time trwe | 15. | | 

Write command to CAS lead time 15 | [ ast] ol sos 

Data-in set-up time tos is eee ee De ees ee 

Data-in hold time 10 


Data-in hold time referenced to RAS 


Refresh period (Normal) 


rep) 
aa 
313 
a 


a 
ine) 
foe) 


“t 
o 
a |2 | 


Refresh period (L-version) 


Refresh period (F-version) 
CAS to W delay time 
RAS to W delay time 


Column address to W delay time 


Ls 
FF 


CAS precharge to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS precharge to CAS hold time 

CAS precharge time (C-B-R counter test cycle) 


al 
an 


Access time from CAS precharge 


Fast Page mode cycle time 50 


ne 
ieee 


n 
Fast Page mode read-modify-write cycle time ns 
RAS pulse width (Fast page mode) 200K] ns 
RAS hold time from CAS precharge ) ons 


CAS precharge time (Fast page mode) 
RAS hold time referenced to OE 
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AC CHARACTERISTICS (Continued) 


JOE accosstime to | | ts] |e] | 


110 


RAS pulse width (F-ver) | trass | 100 | 
RAS precharge time (F-ver) | tres | 
GAS hiod time (F-ver) 


[pai | dont care | Loner Byte wie 
[Benitcae | oGN | Upper Byte we | 
pan [pan | Wora rte 
ies a 


I-Z 
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NOTES 
1. An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh 
cycles before proper device operation is achieved. 

2. Vir(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are measured 
between Vinimin) and Vitimax) and are assumed to be 5ns for ail inputs. 

3. Measured with a load equivalent to 2 TTL loads and 100pF. 

4. Operation within the trcpimax) limit insures that trac(max) can be met. tacpimax) is specified as a reference point 
only. If tacp is greater than the specified trcpimax) limit, then access time is controlled exclusively by tcac. 

5. Assumes that tacp2trcpimax). 

6. tar, twor, tpHR are referenced to trapimax)- 

7. toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced 
to Vou or VoL. ‘ 

8. twcs, trwo, tcwo and tawp are non restrictive operating parameters. They are included in the data sheet as elec- 
trical characteristics only. If twcs2twcsimin) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tewo2tcwoimin), tawo2trRwomin), tawo2tawoimin) then the cycle is a 
read-write cycle and the data output will contain the data read from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tacH or tarH must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 
read-write cycles. : 

11. Operation within the trap(max) limit insures that trac(max) can be met. trap(max) is specified as a reference point 
only. If trap is greater than the specified trapimax) limit, then access time is controlled by taa. 

12. tasc, tcaH are referenced to the earlier CAS falling edge. 

13. tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 

14. town is referenced to the later CAS falling edge at word read-modify-write cycle. 

15. tow is specified from W falling edge to the earlier CAS rising edge. 


LCAS 
UCAS 
x00. RC Ia 
WwW 


16. tcsr is referenced to earlier CAS falling low before RAS transition low. 
17. tcur is referenced to the later CAS rising high after RAS transition low. 


RAS 


LCAS 


UCAS 
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18. tps, tpH is independetly specified for lower byte Dint1~g), upper byte Dinig~16) 


UCAS 
tos 
eee OOSo AME TOOTSUOS OO CTOUOTOC OTTO, 
DQ,~DQg Mon RORY 


SRBORLM RRR RRR 


ae 
005-00 SO HO 


WwW 


19. 4096 cycle. of burst refresh must be executed within 16ms before and after'self refresh, in order to meet refresh 
speciffication (F-version) 


TIMING DIAGRAMS 
WORD READ CYCLE 


tcrp | trsH 
Pe ieee A : 

Vin — PYYVVY 

, = rl 

IH — XXX 


CCAS “i XY 
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5 WON XXX KRY 


taRH 


tacu 


ND 


OFF 
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Vin — XXX 


Vi — XX OY 


ce I 


P/V VV VV YY ¥ 
Vii ~ YRAALMAA XK KKKS KEE 
; ae toez 
DQ1-D0i6 i € ee ee ( VALID DATA-OUT y 
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TIMING DIAGRAMS (continue) 
LOWER BYTE READ CYCLE 


+ tras trp 
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a tore i trec 
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UPPER BYTE READ CYCLE 
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TIMING DIAGRAMS (Continued) 


WORD WRITE CYCLE (EARLY WRITE) 
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DQ, -DQis 


tras 
Viq— 


tar 
Vi — 
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tasr tran So 
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LOWER BYTE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (continued) 


UPPER BYTE WRITE CYCLE (EARLY WRITE) 


UCAS 
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WORD WRITE CYCLE (OE CONTROLLED WRITE) 
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TIMING DIAGRAMS (Continued) 
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) . 
; t 
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TIMING DIAGRAMS (Continued) 
WORD READ-MODIFY-WRITE CYCLE 
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READ-MODIFY-LOWER-BYTE-WRITE CYCLE 
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TIMING DIAGRAMS (continueq) 
READ-MODIFY-UPPER-BYTE-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
EAST PAGE MODE LOWER BYTE READ CYCLE 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE si ath BYTE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (continued) 
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KM416C1000A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS (Continued) 


RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don’t Care 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS (continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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PACKAGE DIMENSION | | 
42-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


1.070 (27.18) 0.025(0.64) 
| | MIN 


1.080 (27.43) 


alas —|— 
a|a =m §/ 
Olu 0/2 Sif ue 
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C193 6lo o|o 9/9 
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TOLL LLLILILICICILILI LC LIL 
| | 0.026(0.66) 
0.030(0.76) 


Eleccao.] 


WAR AMARA ARR ARR AARAAAND 
coset = eee 


0.040 (1.02) 
MAX 


- 44-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


26(23) ath 0-6° 
{1 


0.455(11.56) 
0.471(11.96) 
0.400(10.16) 
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0.024(0.60) 
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A[eaowe| 
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0.00 MIN 


KM416C1200A/A-L/A-F 


CMOS DRAM 


1M x 16 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


+ Performance range: 


P| trac | tcac | tre | 
KM416C1200A-6/A-L6/A-F6 | 60ns | 15ns | 110ns | 


KM416C1200A-7/A-L7/A-F7 
KM416C1200A-8/A-L8/A-F8 | adns | 20ns | 150ns | 


¢ Fast Page Mode operation 
- 2 CAS Byte/Word Read/Write operation 
.» CAS-before-RAS refresh capability 
¢ RAS-only and Hidden Refresh capability 
* TTL compatible inputs and outputs 
* Early write or output enable controlled write 
* Triple +5V+10% power supply 
» Refresh Cycle 
- 1024 cycles/16ms (Normal) 
- 1024 cycles/128ms (L-version) 
- 1024 cycles/128ms (F-version) 
« JEDEC standard pinout . : 
* Available in plastic SOJ and TSOP(II) packages 


FUNCTIONAL BLOCK DIAGRAM 
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Vcc 
Vss 
VBB Generator 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM416C1200A/A-L/A-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers: 


The KM416C1200A/A-L/A-F features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416C1200A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 
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PIN CONFIGURATION (tp views) 
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* KM416C1200AR 
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KM416C1200A/A-L/A-F CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS* 


Parameter «Symbol = 
Voltage on Any Pin Relative to Vss : 


Storage Temperature 


Power Dissipation 
Short Circuit Output Current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Supply Voltage _ 
Input High Voltage 


Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Operating Current* 
(RAS, UCAS or LCAS, Address Cycling @trc=min.) 


Standby Current 
(RAS=UCAS=LCAS=W:=Vir) 


RAS-Only Refresh Current* 
(UCAS=CCAS=Vin, RAS, Address Cycling @trc=min.) 


Fast Page Mode Current* 
(RAS=ViL, UCAS or LCAS, Address Cycling @tec=min.) 


Standby Current 
(RAS=UCAS=LCAS=W=Vcc-0.2V) 


CAS-Before-RAS Refresh Current* 
(RAS, UCAS or [CAS Cycling @trc=min.) 


Battery Back-Up Current, Average Power Supply Current, 
Battery Back-Up Mode, input High Voltage(Viq}=Vcc-0.2V, 
Input Low Voltage(Vit}=0.2V 

UCAS, LCAS=0.2V 

Din=Don't Care, tac=125ys (L-Version) 

tras=tras min~300ns 


a” 


ELECTRONICS 


KM416C1200A-6/A-L6/A-F6 
KM416C1200A-7/A-L7/A-F7 
KM416C1200A-8/A-L8/A-F8 


KM416C1200A 
KM416C1200A-L 
KM416C1200A-F 


KM416C1200A-6/A-L6/A-F6 
KM416C1200A-7/A-L7/A-F7 
KM416C1200A-8/A-L8/A-F8 


KM416C1200A-6/A-L6/A-F6 
KM416C1200A-7/A-L7/A-F7 
KM416C1200A-8/A-L8/A-F8 


KM416C1200A 
KM416C1200A-L 
KM416C1200A-F 


KM416C1200A-6/A-L6/A-F6 
KM416C1200A-7/A-L7/A-F7 
KM416C1200A-8/A-L8/A-F8 


KM416C1200A-L 


1021 


Output High Voltage Level (loH=-5mA) 


Output Low Voltage Level (lo.=4.2mA) 


DC AND OPERATING CHARACTERISTICS continued) 
(Recommended operating conditions unless otherwise noted) 
Parameter | Symbot| Min | Max | Units | 
Self Refresh Current : 
RAS=UCAS=LCAS=0.2V 
pee dia - Iccs 2 
W=OE=Ao-Ag=Vcc-0.2V or 0.2V ad sae a 
DQ1-DQ16=Vcc-0.2V, 0.2V or Open ; 
Input Leakage Current Inv) ‘ oe eer ih 
(Any input O< Vin <Vcc+0.5V, all other pins not under test=0 V) 
Output Leakage Current jot 
(Data out is disabled, OV<VouT< Vcc) 10 10 HA 
vor [ea [= |v 
Caer ee 
*NOTE: Icc1, Icc3, lcc4 and Icceé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
once while RAS=ViL. In Icc4, Address can be changed maximum once while page mode cycle time trc. 
CAPACITANCE (1a=25°C, Vec=5v. f= 1MHz) 


Parameter Symbol Min | Max Unit 


F 
ee 
pon je oe 


AC CHARACTERISTICS (0°c<1a<70°C, Vec=5.0V+10%, See notes 1,2) 
(Test condition : ViH/ViIL=2.4V/0.8V, VOH/VoL=2.4V/0.4V, Output Loading CL=100pF) 


a 
Random read or write cycle time | tec | 110] [130] | iso] | ns 
Read-modify-write cycle time | two | 155| | tes] | 205] ns 


Access time from RAS 


Access time from CAS 


Access time from column address 


os or 


eed 

|| 
CAS to output in Low-Z tcLz | of =| of =f ns | 8 | 
Output buffer turn-off delay tOFF | of 1] of 15] ns | 7 | 
Transition time (rise and fall) 50 s0| 3| 50| ns | 2 
RAS precharge time I ee ee 
RAS pulse wiath | tras | 60| 10,000] 70 10,000| 80 10,000| ns |_| 
RAS hold time ftw | 5] | zo] zo] rs | 
CAS hold time | — ftese [ oof | of | eo] ns | 
tons 10,000 20'| 10,000 
RAS to CAS delay time tRCD 45 | 201 50} 20| 60| ns | 4 
RAS to column address delay time “30 15 | 35] 15| 40 ns | 11 
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CMOS DRAM 


AC CHARACTERISTICS (continued) 


Parameter Symbol Units) nates 
CAS to RAS precharge time tcrP 5 5 | 5° aa 
Row address set-up time tASR 0 0 0 ns 
Row address hold time al tRAH 10 10 | 10 “la = 
Column address set-up time tasc 0 0 0 ns 
Column address hoid time | tCAH =i 15 15 7 ns | 
Column address hold time referenced to RAS tar ef | _ 60 sea ns 6 
Column address to RAS lead time tRAL 35 [aol ns 
Read command set-up time ‘| tRCS mike 0 py ns _| 
Read command hold time referenced to CAS jee oO} ) | apis | 9 | 
Read command hold time referenced to RAS _|_tRRH | 0 | of ns ele 
Write command set-up time twcs “ol 0 — [ns | 8 | 
Write command hold time twCH 15 15 ns 
Write command hold time referenced to RAS twcr 50 [_ 55 | oe 6_| 
Write command pulse width | twe ae 1 | ns 
Write command to RAS lead time tRWL 5 15 20 ns 
Write command to CAS lead time pee sp} pe 
Data-in set-up time 10 
Data-in hold time ns 10 
Data-in hold time referenced to RAS ns 6 


Refresh period (Normal) 


Refresh period (L-version) 


Refresh period (F-version) 


CAS to W delay time ns 8 
RAS to W delay time i ns 8 
Column address to W delay time 65 | ns 8 


CAS precharge to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS precharge to CAS hold time 

CAS precharge time (C-B-R counter test cycle) 


Access time from CAS precharge 


Fast Page mode cycle time 


Fast Page mode read-modify-write cycle time 


RAS pulse width (Fast page mode) 
RAS hold time from CAS precharge 
CAS precharge time (Fast page mode) 
RAS hold.time referenced to OE 
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KM416C1200A/A-L/A-F CMOS DRAM 


AC CHARACTERISTICS (Continued) 

'_ | OE to data delay | top 
Output buffer turn off delay time from OE | toe 
OE command hold time | toc | 
RAS pulse width (F-ver) 


RAS precharge time (F-ver) | tres _| 
CAS hlod time (F-ver) 


KM416C1200A/A-L/A-F Truth Table . 
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a a 
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KM416C1200A/A-L/A-F CMOS DRAM 


ou 


An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh 
cycles before proper device operation is achieved. 
2. Vir(min) and Vitimax) are reference levels for measuring timing of input signals. Transition times are measured 
between Vitimin) and Vitimax) and are assumed to be 5ns for all inputs. 
3. Measured with a load equivalent to 2 TTL loads and 100pF. 
4. Operation within the tacpimax) limit insures that tracimax) can be met. trcpimax) is specified as.a reference point 
only. If tacp is greater than the specified tacpi(max) limit, then access time is controlled exclusively by tcac. 
Assumes that taco2tracpimax). 
tar, twor, toHR are referenced to tRapimax). 
torFimax) defines the time at which the output achieves the open circuit condition and is not referenced 
to Von or VoL. 

8. twcs, trwo, tcwp and tawp are non restrictive operating aprameters. They are included in the data sheet as elec- 
trical characteristics only. If twcs2twcsmin) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle: If towp2>tcwoimin), tawo2trwoimin), tawo2tawon(min) then the cycle is a 
read-write cycle and the data output will contain the data read from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tacH or trRH must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W reading edge in 
read-write cycles. 

11. Operation within the trapimax) limit insures that trac(max) can be met. trapimax) is specified as a dierenee point 
only. If trap is greater than the specified 1 tRAD(max) limit, then access time is controlled by taa. 

12. tasc, tcan are referenced to the earlier CAS falling edge. 

13. tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 

14. tcwo is referenced to the later CAS falling edge at word read-modify-write cycle. 

15. tcwi is specified from W falling edge to the earlier CAS rising edge. 


et 


LCAS 


XX 


ADD. RRO 


= 


tow. | 


16. tcsr is referenced to earlier CAS falling low before RAS transition low. 
17. tcur is referenced to the later CAS rising high after RAS transition low. 
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18. tps, toy is independetly specified for lower byte Dini1~s), upper byte Dinig~16) 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS (continued) 
LOWER BYTE READ CYCLE 
eres 
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TIMING DIAGRAMS (continued) 
WORD WRITE CYCLE (EARLY WRITE) 
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KM416C1200A/A-L/A-F CMOS DRAM 


TIMING DIAG RAMS (Continued) 


UPPER BYTE WRITE CYCLE (EARLY WRITE) 
eae 


UCAS 
LCAS 


A 


=| 


DQ 9-DQi6 


tras -_ —> 
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i a 
a 
bie 


Vi XXX 
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Wo — RE VAL DATA PR KC 


tour 


WORD WRITE CYCLE (OE CONTROLLED WRITE) 
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KM416C1200A/A-L/A-F | CMOS DRAM 


TIMING DIAGRAMS (Continued) 
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) ~ 


tac 
tras tae 


Vin aan t 
RAS AB 


Vi — torp ; = a | tarc 
Vi VY ¥ 
iH y 
OY) lee ee 
tes 

Vin — AK ASS tcas 

= We 
‘ASR " : 
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tran 
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UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
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KM416C1200A/A-L/A-F | CMOS DRAM 


TIMING DIAGRAMS (Continued) 
WORD READ-MODIFY-WRITE CYCLE 


tras trp 
Vin — 


RAS tar , 
Vv ‘lai 
‘5 tcrp j : 
Vin — OY ; al tcas 
UCAS iE B 
Vii N 
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ae tawp rae ae : 


=| 
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teiz 
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KM416C1200A/A-L/A-F 7 CMOS DRAM 


TIMING DIAGRAMS (continued) 
’ READ-MODIFY-UPPER-BYTE-WRITE CYCLE 


tras tap 


OO 


4 LAOORESS 


teow. — 
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KM416C1200A/A-L/A-F ~ CMOS DRAM 


TIMING DIAGRAMS (continued) 


FAST PAGE MODE LOWER BYTE READ CYCLE 
trasp trp 
—— Vin — 
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KM416C1200A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS (Ccontinuea) 
FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 


CCAS 


DQ,-DQt64 


trasp trp— 
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KM416C1200A/A-L/A-F 


CMOS DRAM 


TIMING DIAGRAMS (Continued) 
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KM416C1200A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ-MODIFY-LOWER- BYTE-WRITE CYCLE 
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KM416C1200A/A-L/A-F | | ; CMOS DRAM 


TIMING DIAGRAMS (continued) 


RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don’t Care 
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KM416C1200A/A-L/A-F CMOS DRAM | 


TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) | 
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KM416C1200A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE ~ 
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-KM416C1200A/A-L/A-F CMOS DRAM 


PACKAGE DIMENSION 
42-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


1.070 (27.18) 0.025 (0.64) 
MIN 


_ 1.080 (27.43) 


a 


=|=— ola “la. 
a|a —~-— RIM 
ojn 9|% SiS alo 
oR al han a bX 11a 
el= ola s|o SIF 
Dio wlw ain Bie 
Bio ole Ojr m|o 
OQ1t +/+ P8/2 le 
219 ojo o|o eo 


ca 


0.130(3.30) 
0.140(3.56) 


B[accao.] 


0.016(0.41) | 0.050 (1.27) 0.040 (1.02) 
0.020(0.51) | L TYP. 


44-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


26(23) aa 0-8° 
tnt 


0.400(10.16) 


ole 
8/8 
wri 
=l|xo 
Wile 
wo) 

ae 
Silo 


0.016(0.40) 
0.024(0.60) 


0.004(0.10) | 
0.010(0.25) 


* 0.841(21.35) MAX 


MAX 


0.821 (20.85) 
0.829(21.05) 


0.047(1.20) 


[J 0.004(0.1) | ehajajajajejaja)n]aja]mmmeen |sjajajajalajajajajaje, 


0.036(0.925) | 0.010(0.34) | | 0.031(0.80) 
0.018(0.36) TYP 
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KM416C1004A/A-L/A-F 


CMOS DRAM 


1M x 16 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


« Performance range: 


KM416C1004A-6/A-L6/A-F6 110ns | 24ns 
130ns | 29ns 


KM416C1004A-7/A-L7/A-F7 


KM416C1004A-8/A-L8/A-F8 


+ Extended Data Out Mode 
(Fast Page Mode with Extended Data Out) 
+ 2 CAS Byte/Word Read/Write operation 
- CAS-before-RAS refresh capability 
« RAS-only and Hidden Refresh capability 


GENERAL DESCRIPTION 


The Samsung KM416C1004A/A-L/A-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high. performance 
applications such as personal computer, and high 
performance portable computers. 


The KM416C1004A/A-L/A-F features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


+ TTL compatible inputs and outputs The KM416C1004A/A-L/A-F is fabricated using 
- Early write or output enable controlled write Samsung's advanced CMOS process. 
Triple +5V+10% power supply 
° Refresh Cycle 
-4096 cycle/64ms (Normal) 
-4096 cycle/128ms (L-version) 
-4096 cycle/128ms (F-version) 
« JEDEC standard pinout 
* Available in plastic SOJ and TSOP(Il) packages 
FUNCTIONAL BLOCK DIAGRAM 
Control Vcc 
Clocks 
to 
f = .Lower bee 
mal Buffer 
fe) =e 
1,048,576 x16 & 
Celis o a DQs 
Ao~At1 Row Address Buffer’ : i 
Pe Upper DQi6 
Data out 
Ao-Ay Bute: 
1041 
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ELECTRONICS 


KM416C1004A/A-L/A-F CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM416C1004AJ . -* KM416C1004AT . * KM416C1004AR 


10 Vcc 4° 44 Vss 1 
2 DQi 2 DQi6 2 
3 DQ2 3 DQis 3 
4 DQ3 4 DQu4 4 
5 DQs 5 DQi13 5 
6 Vcc 6 Vss 6 
DQs 7 DQi2 7 
e DQs 8 Dai 8 
8 DQ7 IJ 9 DQto 9 
DQs 10 DQo 10 
N.C. 11 N.C. 1 
N.C. N.C. 
N.C. CCAS 
Ww UCAS 
RAS OE 
Ait Ag 
Aio As 
Ao A7 
Ai As 
Ae As 
A3 Aa 
Vec Vss 
(SOuJ) 


(TSOP(II)-Forword) (TSOP(II)-Reverse) 


Address Inputs 


= 
| OF Data Output Enable 
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KM416C1004A/A-L/A-F 


CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS* 


Parameter «|b dC atng CdSe 


Voltage on Any Pin Relative to Vss 


Voltage on Vcc Supply Relative to Vss 


Storage Temperature 


* 


Power Dissipation 


Vin, VOUT -1 to+ 7.0 


-55 t0 + 150 
1 


Short Circuit Output Current 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Supply Voltage _ 


Ground 


Input High Voltage 


Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter 


Operating Current* 
(RAS, UCAS or CCAS, Address Cycling @trc=min.) 


KM416C1004A-6/A-L6/A-F6 
KM416C1004A-7/A-L7/A-F7 
KM416C1004A-8/A-L8/A-F8 


Standby Current 
(RAS=UCAS=LCAS=W= 


ViH) 


KM416C1 004A 
KM416C1004A-L 
KM416C1004A-F 


RAS-Only Refresh Current" 
(UCAS=LCAS=Vin, RAS, Address Cycling @trc=min.) 


EDO Mode Current* 
(RAS=ViL, UCAS or LCAS, Address Cycling @tec=min.) 


KM416C1004A-6/A-L6/A-F6 
KM416C1004A-7/A-L7/A-F7 
KM416C1004A-8/A-L8/A-F8 


KM416C1004A-6/A-L6/A-F6 
KM416C1004A-7/A-L7/A-F7 


KM416C1004A-8/A-L8/A-F8 


Standby Current 
(RAS=UCAS=LCAS=W=Vcc-0.2V) 


KM416C1004A 
KM416C1004A-L 
KM416C1004A-F 


CAS-Before-RAS Refresh Current* 
RAS, UCAS or LCAS Cycling @trc=min.) 


= 


KM416C1004A-6/A-L6/A-F6 
KM416C1004A-7/A-L7/A-F7 Iccé 
KM416C1004A-8/A-L8/A-F8 


Battery Back-Up Current, Average Power Supply Current, 
Battery Back-Up Mode, Input High Voltage(Vin)=Vcc-0.2V, 
Input Low Voltage(Vit)=0.2V 

UCAS, LCAS=0.2V 

Din=Don't Care, tac=31.25ys (L-Ver) 

tRAS=tRAS min~300ns 


KM416C1004A-L Icc7 


peamsung 
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KM416C1004A/A-L/A-F ---s CMOS.DRAM 


DC AND OPERATING CHARACTERISTICS Continued) 
(Recommended operating conditions unless otherwise noted) 
a." ae Cac 
Self Refresh Current 
RAS-UCAS=LCAS=0.2V 
— a - Iccs 
W=OE=Ao0-A11=Vcc-0.2V or 0.2V ASCO 200 
DQ1-DQ16=Vcc-0.2V or 0.2V or Open 
Input Leakage Current hu) -10 10 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 V) , 
Output Leakage Current . -1o | 10 
(Data out is disabled, OV<VouT<Vcc) 
Output High Voltage Level (loH=-5mA) qi 
Output Low Voltage Level (lo=4.2mA) ff Oi 
“NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 


once while RAS=VIL. In Icc4, Address can be changed maximum once while one Hyper page mode cycle time 
tHPC. 


CAPACITANCE (1a=25°c, Vcc=5V. f=1MHz) 


Parameter 


Input Capacitance (Ao~A11) 


Output Capacitance (DQ1~DQ16) 


AC CHARACTERISTICS (O°C<TA<70°C, Vcc=5V + 10%, See notes 1,2) 
(Test condition : Vin/ViL=2.4V/0.8V, VoH/VoL=2.0V/0.8V, Output Loading CL=100pF) 


1 
~I 
c 
Ss 
=~ 
n 


Parameter Notes 


Random read or write cycle time 


Pp?) 
= 
= 
Oo 
par eee (em 
Co }o 
a}o 


Read-modify-write cycle time 


Access time from RAS 


Access time from CAS 


Access time from column address 
CAS to output in Low-Z 

OE to output in Low-Z 

Output buffer turn-off delay from CAS 


Transition time (rise and fall) _ 


s/s |g |3 [a 
815 | 1° 
— 
a 
ao 


z(/3 |4|5 |S 
a N IN 
on}; 
oN rm ja lo lo 
on 
o 
nm 
=] 
n 
no 


S 
KN 


5 20) ns 7,14 


RAS precharge time a ns 
RAS pulse width 10,000} 80] 10,000} ns 
RAS hold time tRSH 2-4 ns 
CAS hold time 60 70 ns 
CAS pulse width tcas | 10} 10,000] 15 ns 


RAS to CAS delay time 20}  45{ 20 | 50/20] 60 | ns 4 
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AC CHARACTERISTICS (Continued) 


Parameter 


RAS to column address delay time 


Symbol 


tRAD 


Min 


Notes 


CAS to RAS precharge time 


tcRP 


Row address set-up time 


tASR 


Row address hold time 


Column address set-up time 


Column address hold time 


Column address hold time referenced to RAS 


Column address to RAS lead time 


Read command set-up time 


Read command hold time referenced to CAS 


Read command hold time referenced to RAS 


Write command set-up time 


Write command hold time 


Write command hold time referenced to RAS 
Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in set-up time 

Data-in hold time 


Data-in hold time referenced to RAS 


Refresh period (Normal) 


Refresh period (L-version) 


Refresh period (F-version) 


CAS to W delay time 


RAS to W delay time 


Column address to W delay time 


CAS precharge to W delay time 


CAS set-up time (CAS-before-RAS refresh) 


CAS hold time (CAS-before-RAS refresh) 


RAS precharge to CAS hold time 


CAS precharge time (C-B-R counter test cycle) 


RAS hold time referenced to OE 


OE access time 


OE to data delay 


Output buffer turn off delay time from OE 


OE commend hold time 


Access time from CAS precharge 
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AC CHARACTERISTICS (continueg) 


81 


Hyper Page mode read-modify-write cycle time tHpRWwC| 76 91 ons | 12 
CAS oregarge time (Hyper page mode) tcp 10 10 | 10 ns 16 
RAS pulse width (Hyper page mode) tRASP 60 | 200.000 | 70 | 200.000 80 | 200.000 | ns 

RAS hold time from CAS precharge tRHcP | 35 40 45 ns 

Output data hold time _|_toou 

Output buffer turn off delay from RAS tREZ 

Output buffer turn off delay from W tWez 

W to data delay tWED 

OE to CAS hold time tocH 

CAS hold time to OE tCHO 

OE precharge time toEP 

W pulse width tWPE 

RAS pulse width (F-ver). {RASS 

RAS precharge time (F-ver) tRPS 410] | 130) =] 50] sons | 13 
CAS hlod time (F-ver) tos | sof | so} ~—s| so] sdf ons | 


KM416C1004A/A-L/A-F Truth Table 
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xr/r-|ri|e}x|xzjzlx|x]s 


DQi~DQs DQo~DQi16 STATE 


Standby 
HI-Z Refresh 
DQ-OUT Lower Byte Read 
DQ-OUT . DQ-OUT Word Read 
DQ-IN Don't Care _ Lower Byte Write 


Don't Care 
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NOTES | 


1. An initial pause of 200#s is required after power-up 


followed by any 8 ROR or CBR cycles before proper 


device operation is achieved. 

2. ViH(min) and Vit(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2TTL Loads 
and 100pF 

4. Operation within the tRrcp(max) limit insures that 
trac(max) can be met. trcp(max) is specified as a 
reference point only. If trcbD is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 

5. Assumes that trop > tRcb (max). 

6. taR, twcr, tDHR are referenced to tRAD(max). 

7. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRwbD, tcwD and tawD are non restrictive 
operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs 
>twcs(min) the cycle is an early write cycle and 
the data output will remain high impedance for the 
duration of the cycle. If tcowo>tcwop(min), trwD > 
trwp(min) and tawD >tawp(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 


SIMS UN 
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11. 


12. 
13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


PRELIMINARY 
CMOS DRAM 


. These parameters are referenced to the CAS 


leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the tRaD(max) limit insures that 
tRAc(max) can be met. trRAD(max) is specified as a 
reference point only. If trap is greater than the 
specified tRaAD(max) limit, then access time is 
controlled by taa. 

tasc >tcp min, Assume tT=2.0ns. 

4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification (F-version) 

If RAS goes to high before CAS high going, the 
open circuit condition of the output is achieved by 
CAS high going. If CAS goes to high before RAS 
high going, the open circuit condition of the output 
is achieved by RAS high going. 

tasc, tCAH are referenced to the earlier CAS falling 
edge. 

tcp is specified from the last CAS rising edge in the 
previous cycle to the first CAS falling edge in the 
next cycle. 
tcwo is referenced to the later CAS falling edge at 
word read-modify-write cycle. 

tcwL is specified from W falling edge to the earlier 
CAS rising edge. 

tcsr is referenced to earlier CAS falling low before 
RAS transition low. . 
tCHR is referenced to the later CAS rising high after 
RAS transition low. 

tos, tbH is independetly specified for lower byte Din 
(1~8), upper byte Din(9~16) . 
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TIMING DIAGRAM 
WORD READ CYCLE 
NOTE : Din = OPEN 
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TIMING DIAGRAM 
LOWER BYTE READ CYCLE 
NOTE : Din = OPEN 
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TIMING DIAGRAM 


NOTE : Din = OPEN 


UPPER BYTE READ CYCLE 
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WORD WRITE CYCLE (EARLY WRITE ) 
NOTE : Dout = OPEN 
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LOWER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : Dout = OPEN 
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UPPER BYTE WRITE CYCLE (EARLY WRITE ) 
NOTE : Dour = OPEN 
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WORD WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : Dour = OPEN 


Wf i 


ee Lid 


i a 
at OC OC an 
AI 
or = YIM 
| pa — ee LL 
coon Oo VOU 


Don't Care 


Poinsung 


ELECTRONICS 


KM416C1004A/A-L/A-F CMOS DRAM 


LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : Dour = OPEN 
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UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : Dour = OPEN . 
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WORD READ-MODIFY-WRITE CYCLE ~ 
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LOWER-BYTE READ - MODIFY - WRITE CYCLE 
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-UPPER-BYTE READ - MODIFY - WRITE CYCLE 
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HYPER PAGE MODE WORD READ CYCLE 
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HYPER PAGE MODE LOWER BYTE READ CYCLE 
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_ HYPER PAGE MODE UPPER BYTE READ CYCLE 
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HYPER PAGE MODE WORD WRITE CYCLE( EARLY WRITE ) 
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HYPER PAGE MODE UPPER BYTE WRITE CYCLE ( EARLY WRITE ) 
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HYPER PAGE MODE WORD READ-MODIFY-WRITE CYCLE 
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HYPER PAGE MODE UPPER-BYTE-READ-MODIFY-WRITE CYCLE 
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HYPER PAGE READ AND WRITE MIXED CYCLE 
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CAS-BEFORE-RAS SELF REFRESH CYCLE(LL-version) 
NOTE: W, OE,A=DontCare | 
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HIDDEN REFRESH CYCLE ( READ ) 
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HIDDEN REFRESH CYCLE ( WRITE ) 
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PACKAGE DIMENSION 
42-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


1.070 (27.18) 0.025 (0.64) 
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0.016(0.41) | | | 0.050 (1.27) 0.040 (1.02) 
0.020(0.51) TYP MAX 


44-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 
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CMOS DRAM 


1M x 16 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


* Performance range: 


Se 
rec ans_| ew | vn [ow | | 
ressczon anaes | eos |r | 50m | en 


¢ Extended Data Out Mode 
(Fast Page Mode with Extended Data Out) 
+ 2 CAS Byte/Word Read/Write operation 
« CAS-before-RAS refresh capability 
« RAS-only and Hidden Refresh capability 
* TTL compatible inputs and outputs 
* Early write or output enable controlled write 
* Triple +5V+10% power supply 
« Refresh Cycle — 
-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L-version) 
-1024 cycle/128ms (F-version) 
+ JEDEC standard pinout 
* Available in plastic SOJ and TSOP(II) 


FUNCTIONAL BLOCK DIAGRAM 


GENERAL DESCRIPTION 


The Samsung KM416C1204A/A-L/A-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers. 


The KM416C1204A/A-L/A-F features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416C1204A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 


CCAS Control | Vec 
UCAS Clocks Vss 
W VBB Generator DQ1 
to 
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=a) Lower 
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Refresh Counter Memory Array o 
1,048,576x16 E 
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Cells o DQs 
Ao~Ag +] Row Address Buffer c 6 
: e Upper DQi6 
Data out 
Ao~Ag Column Decoder Buffer 


Col. Address Buffer 
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PIN CONFIGURATION (top views) 


« KM416C1204AJ « KM416C1204AT « KM416C1204AR 
10 Vss Vcc 1° 1 Vcc 
2 DQis DQi 2 2 DQi 
3 DQis DQe2 3 3 DQ2 
4 DQ14 DQ3 4 4 DQ3 
DQs 5 5 DQ4 
D 
oe Vcc 6 6 Voc 
- DQs 1 7 7 EO Das 
7 Dare DQs TJ 8 8 in DOs 
8 DQn Dar 1 3 9 En Dar 
DQi0 DQs 10 10 DQs 
DQs N.C 11 11 N.C. 
N.C. 
LCAS 
UCAS ae ue 
OE ale N.C. 
i W WwW 
9 RAS RAS 
in N.C. N.C. 
Ar N.C N.C. 
A6 Ao Ao 
AS At Ai 
A4 A2 A2 
Vss As A3 
Vcc Vcc 
(SOu) 
(TSOP(II)-Forword) (TSOP(II)-Reverse) 
Address Inputs 
Data In/Out 
Cis [omnes 
Row Address Strobe 
UCAS Upper Column Address Strobe 
Lower Column Address Strobe 
Read/Write Input 
| OE Data Output Enable 
Tee | Powerse¥) 
Puc. | Nocomecton _—_— 
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ABSOLUTE MAXIMUM RATINGS* 


[Parmeter | Sot] Rang [ve] 

Voltage on Any Pin Relative to Vss | vin, Vour =| -ttoz70— of 
ee rs 
a eae ee 


Voltage on Vcc Supply Relative to Vss 
Storage Temperature 


Power Dissipation 


Short Circuit Output Current 


* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Supply Voltage 


Ground 
Input High Voltage 


Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Operating Ct Current* 
(RAS, UCAS or LCAS, Address Cycling eit ) 


KM416C01204A-6/A-L6/A-F6 
KM416C1204A-7/A-L7/A-F7 
KM416C1204A-8/A-L8/A-F8 


Standby Current 
(RAS=UCAS=LCAS=W=Vin) | 


RAS-Only Refresh Current* 
(UCAS=LCAS=Vin, RAS, Address Cycling @trc=min.) 


EDO Mode Current* 
(RAS=VIL, UCAS or CCAS, Address Cycling @tpc= min.) 


Standby Current 
(RAS=UCAS=LCAS=W=Vcc-0.2V) 


KM416C1204A 
KM416C1204A-L 
KM416C01204A-F 


KM416C1204A-6/A-L6/A-F6 
KM416C1204A-7/A-L7/A-F7 


KM416C1204A-8/A-L8/A-F8 


KM416C01204A-6/A-L6/A-F6 
KM416C1204A-7/A-L7/A-F7 
KM416C1204A-8/A-L8/A-F8 


KM416C1204A 
KM416C1204A-L 
KM416C1204A-F 


CAS-Before-RAS Refresh Current* 
(RAS, UCAS or LCAS Cycling @trc=min.) 


KM416C1204A-6/A-L6/A-F6 
KM416C1204A-7/A-L7/A-F7 


Battery Back-Up Current, Average Power Supply Current, 
Battery Back-Up Mode, Input High Voltage(Vin)=Vcc-0.2V, 
Input Low Voltage(ViL)=0.2V 

UCAS, LCAS=0.2V 

Din=Don't Gare, thc=125es (L-Ver) 

tras=tras min~300ns 


ea” 
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KM416C1204A/A-L/A-F CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continuea) 


(Recommended operating conditions unless otherwise noted) 


an Ts 


Self Refresh Current 
RAS=UCAS=LCAS=0.2V © 
scat 1 - Iccs 
W=OE=Ao-Ag=Vcc-0.2V or 0.2V RMPISC IEMA 
DQ1-DQi6=Vcc-0.2V or 0.2V or Open 
Input Leakage Current Sw | 0 | Sw | 0 | 
(Any input O< Vin <Vcc+0.5V, all other pins not under test=0 V) 
Output Leakage Current low : 
(Data out is disabled, OV<VouT< Vcc) : 10 ae ie 


Output High Voltage Level (loH=-5mA) 


Output Low Voltage Level (loL=4.2mA) 


*NOTE: Icci, Icc3, Icca and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. icc is specified as an average current. In Icc1 and Iccs, address can be changed maximum 
once while RAS=Vi. In Icca, Address can be changed maximum once while one ae page mode cycle time 
tHPC. 


CAPACITANCE (1a=25°C, Voc=5vV. f=1MHz) 


Parameter 


Input Capacitance (Ao~Ag) 


’ Output Capacitance (DQ1~DQ16) 


AC CHARACTERISTICS (o°c<ta<70°C, Vec=5V+10%, See notes 1,2) 
(Test condition : ViH/ViL=2.4V/0.8V, VOH/VoL=2.0V/0.8V, Output Loading CL=100pF) 


-6 -7 8 
Parameter Symbol Units | Notes 
| Min | Max | Min| Max | Min; Max 
Random read or write cycle time tRC 110 130 150 | ons | 
Read-modify-write cycle time tRwc | 155 185 205 ns 


Access time from RAS tRAC 


Access time from CAS tCAC 


Access time from column address __| tas = 
CAS to output in Low-Z toLz 3 
| 
3 


OE to output in Low-Z 


Output buffer turn-off delay from CAS tCEZz 


Transition time (rise and fall) tT : 
RAS precharge time | trP 
RAS pulse width tRAS 10,000 ee 
RAS hold time . tRSH 17 aCe 

CAS hold time tCSH 50 70 | ons | 

CAS pulse width tCAS ar 000 = 
RAS to CAS delay time tRCD 60 


ELECTRONICS 


KM416C1204A/A-L/A-F | . CMOS DRAM 


Pea me | 


[AAS tocoumm address delaytime | tea | 15 | 30] 15] a5] 15] 40] ne | tt 
ee saat 


CAS to RAS precharge time 
Row address set-up time 


Row address hold time 


AC CHARACTERISTICS (Continued) 


ella 


Column address set-up time 
Column address hold time 
Column address hold time referenced to RAS 
Column address to RAS lead time 

_ | Read command set-up time 
Read command hold time referenced to CAS ~ 
Read command hold time referenced to RAS 


Write command set-up time 


3 


Write command hold time 

Write command hold time referenced to RAS 
Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 


Data-in set-up time 


Data-in hold time 
Data-in hold time referenced to RAS 


Refresh period (Normal) 


g 
g 


sig 
Za 


ot 
DD 
wT 


Refresh period (L-version) 
Refresh period (F-version) 
CAS to W delay time 
RAS to W delay time 


Column address to W delay time 


GAS precharge to W delay time 


jot o> fle | et 
818 |Z |e |S 18 |2 


CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS precharge to CAS hold time 

CAS precharge time (C-B-R counter test cycle) 
RAS hold time referenced to OE 


S 
ay 


OE access time 
OE to data delay 
Output buffer turn off delay time from OE 


OE commend hold time 
Access time from CAS precharge 
en ae 
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CMOS DRAM 


AC CHARACTERISTICS (ontinuea) 


-6 -7 
Parameter Symbol 
Min cite Min | Max 


Hyper Page mode cycle time tHPC 29 ns 12 
Hyper Page mode read-modify-write cycle time _|_tHpRWC 81 ns 12 
CAS orcgarge time (Hyper page mode) tcp 10 10 ns 16 
RAS pulse width (Hyper page mode) tRASP 60 | 200.000 70 | 200.000 80 | 200.000} ns _ 
RAS hold time from CAS precharge tRHCP 40 45 ns 

Output data hold time tDOH 5 5 5 | ns 


Output buffer turn off delay from RAS 


tREZ 3 15 3 20 3 
a eee — 


20 | ns 7,14 


Output buffer turn off delay from W twez 3 15 3 20 3 20} ns 7 

W to data delay tWED 15 Bi 20 __ | 20 ns 

OE to CAS hold time tocH 5 5 5 ns 

CAS hold time to OE tcHo 5 5] 5 | ns | 
OE precharge time toeP 5 5 5 | ns | 

W pulse width twPE 5 {5 5 ns 

RAS pulse width (F-ver) trass | 100 100 100 BS 13 
RAS precharge time (F-ver) tRPS aio] | azo 150 ns 13 
CAS hlod time (F-ver) . tcHs | sof | sof | -50 ns 13 


KM416C1204A/A-L/A-F Truth Table 


DQo9~DQi16 
HI-Z 


DQ:1~DQs 
HI-Z 


Standby 


HI-Z HI-Z 


Refresh a 


DQ-OUT H!-Z Lower Byte Read 


Fyre yrererie recy 


HI-Z es DQ-OUT Upper Byte Read _ 
DQ-OUT DQ-OUT Word Read 
DQ-iN I Don't Care Lower Byte Write 
Don't Care DQ-IN © Upper Byte Write 
DQ-IN | DQ-IN Word Write 
HI-Z HI-Z - 


<a” 
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NOTES 


1. 


i<e) 


An initial pause of 200s is required after power-up 


followed by any 8 ROR or CBR cycles before proper 


device operation is achieved. 


. Vin(min) and Vit(max) are reference levéls for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2TTL Loads 


and 100pF. 


. Operation within the trcp(max) limit insures that 


tRac(max) can be met. trcD(max) is specified as a 
reference point only. If tacD is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes. that tRcb > tRcp (max). 
. tar, twcr, toHR are referenced to tRAD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VoH or VOL. 


. twcs, tRwo, tcwo and tawop are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcowo>tcwo(min), tawo> 
tawp(min) and tawp>tawo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 


11. 


12. 
13. 


14. 


16. 


17. 


18. 


19. 


20. 


21. 


. These parameters are referenced to the CAS 


leading edge in early write cycles and to the W 
leading edge in read-write cycles, 

Operation within the tRap(max) limit insures that 
trRac(max) can be met. tRaD(max) is specified as a 


reference point only. If trap is greater than the 


specified traD(max) limit, then access time is 
controlled by taa. 

tasc >tcp min, Assume tT=2.0ns. 

1024 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification (F-version) 

If RAS goes to high before CAS high going, the 
open circuit condition of the output is achieved by 
CAS high going. If CAS goes to high before RAS 
high going, the open circuit condition of the output 
is achieved by RAS high going. 


. tasc, tCAH are referenced to the earlier CAS falling 


edge. 

tcp is specified from the last CAS rising edge in the 
previous cycle to the first CAS falling edge in the 
next cycle. 

tcwo is referenced to the later CAS falling edge at - 
word read-modify-write cycle. 

tcw is specified from W falling edge to the earlier 
CAS rising edge. 

tcsr is referenced to earlier CAS falling low before 
RAS transition low. 

tCHR is referenced to the later CAS rising high after 
RAS transition low. 

tbs, tDH is independetly specified for lower byte Din 
(1~8), upper byte Ding~16) 


a” 
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TIMING DIAGRAM 
WORD READ CYCLE 
NOTE : Din = OPEN 


‘ueas Ve aie: 
cs ff 
ao 
ae mae. 


) 


ats 
ccleml 


(ey =e 


a a Le | WZ 
“| __ 
pai- pas ¥™ - ea * —@ tad 
| . 


Y, 


VoL - a 
— tc 
teiz 
trac 
Dag ~ DAI6 a OPEN , Ye DATA-OUT |) 
Don't Care | 
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TIMING DIAGRAM 
LOWER BYTE READ CYCLE 
NOTE : Din = OPEN 


ep 
uns *- Wf 
e/a =e 
jase, ftRaH _tasc | | 
we Di Oe EEC 


=e 3 
«: Ul | WL. 
e/a 


= tcez 
trac et | Las 
OPEN ray (  DATA-OUT 


bDai~pas *™" 
OL 


Vi 

Vi 

Von - 
Voi 


DQ9 ~ DQ16 OPEN 


Don't Care | 


ELECTRONICS ; 


~ KM416C1204A/A-L/A-F | CMOS DRAM 


TIMING DIAGRAM 
UPPER BYTE READ CYCLE 
NOTE : Din = OPEN 


UCAS | Zr 


CRP 


cas "YY 


pe 
AM - = a _ 
«: Ql | Zl 
OE Yr Tey =) ae 
| DQ9 ~ DAI6 ae OPEN p : =mnke : 
Y Don't Care 


eS PP TPN DD SE PCE cI IE TIE EE IIS LD ENS LE TG 
ea - 
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WORD WRITE CYCLE (EARLY WRITE ) 


NOTE : Dout = OPEN 


pai ~ pas V 


pag ~ baie 


a” 
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G7 


Diet 
i TID. YVVZ3Z¥!¥!3-“” ee YWMVV-. YY’ | 


| (lll {UL 
lla lls =" Ll 


Sa —- 


as | 


Y Don't Care 
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LOWER BYTE WRITE CYCLE (EARLY WRITE ) 
NOTE : Dour = OPEN 


sors '*- QF 
cs": Wf 


| = tascfer| le ton 
Ae. Di reed SO ZZ 
Pm: — eee 
OE tA ltl sl 
oc =| 
bas - pate 
| | Y Don't Care 
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UPPER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : Dour = OPEN 


pat ~pas V 


pag ~ paie VK - 
Vi - 


a 
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trac 
tras trp 


- aaa IZ. 


= ai 
es a 


 YUVIVCT. 
a 


MMMM 


Uy Don't Care 


KM416C1204A/A-L/A-F | CMOS DRAM 


WORD WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : Dour = OPEN 


pai ~pas Vit - — 
Vir - 


Dag ~paie VK - 
Vit - 


<< 


DS CAN a, = 


an as . tasc ies 
 Lfrsswess XR sooress KLM 
'- WY " 


RP 


a 


C80 YY MMMM 


Don't Care | 


YY 
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LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE : Dour = OPEN 


tre 
tras : trp 


as": Wf 


os: Uf \ 


tc 


os 


tasr RAH es 
ve GR wooress KY 


«:- VIS. VITALI 


OE 


WY DATA - IN WWWJWJJlWv—'€0600/7 | 


Vv 

Vv 

pai ~pas VK - 
Vi ~ 


009-006 YS UMMMMMMMMMMMZZ:! MM/|/:/!lllllaz 


Don't Care 
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UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : Dour = OPEN 
trac 


tras +— trp 


RAS Vi 
CRP taco ie trsH ter 
V Wy = tcas f 
tH = , 
as Yf } a, 
CRP 
to Rael d 
IH_- 
mu Ll || | i 
traD 


“os 


u: GA woes KX soomess KI) 


« WILLD CLL 


0 - GI YY 
Ne YYJJIJJJwwww“$; 


Dag ~ DA16 Yi on YLT 


Don't Care 
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’ WORD READ - MODIFY - WRITE CYCLE 


tawc 
tras tre 


Vi - ae: 
tcrp tar bad 
Vin - 
UCAS y 7 i 
a << 
LC == 
Vin - tcas 
| je gteas. |t459 


av & aa 7 


vs DN ll 


oe Ve - Wl ten 


AA E 
trac wah 
Dai ~ pag VuorH - | | lp, — i 4 


Y 

4 

Vio. - toi7 | % 
bs 

ile 


— taa j 
. trac re 
Dag ~ Da16 Vio - Ef vaio 
Vv J \ DATA - OUT| 


vol - 


Don't Care 
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LOWER-BYTE READ - MODIFY- WRITE CYCLE 


; trap 
‘ASR pee tasc 
Vin - ar COLUMN fy 
A M7 ame 


Vi - 2g ADDR 


ve oan 
oe __€ tora 


_ a 


teiz 
tcac 
taa - 
ve | in | 
bat - pas O(c) OX me, 
Vio. - 
Von - 
Vor - 


Don't Care 
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: UPPER-BYTE READ - MODIFY - WRITE CYCLE 


AM or ama 


: === —_ 
‘Gfywmp cil 


DQ1 ~ DQ8 Vou - 
VoL - 


DQ9 ~ DQIE ViOH - 
Vio. 


Don't Care 
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KM416C1204A/A-L/A-F | CMOS DRAM 
HYPER PAGE MODE WORD READ CYCLE 


trasP 
= 


Sam 


GA ie file 
af Li L 


= fy 
A Viv - iy eet Aoress m ia 4 ADDRESS x ae ain DDRESG TT co isco 


«YI 


Vin - 
A Vi - 


Vin - 


UCAS \, . 


oe Ve a 


Vion - 


DQiI ~ DAB, 


Z VALID 


fp 
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’ toEz 


toiz 
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Vien - i p 
es , 


Don't Care 
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HYPER PAGE MODE LOWER BYTE READ CYCLE 


trasP pai 4 
i Vin 
-Vir ¢ 
te 
Vin 


crs vlbsalbel : : : 
a Wi Qo ron Wyk coun boobed YU 
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H « 


pag ~ pais “° OPEN 
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Yy Don't Care 
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HYPER PAGE MODE UPPER BYTE READ CYCLE 
trasp 7 
Vin - 
RAS V 
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tcosH tRHcP 
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HYPER PAGE MODE WORD WRITE CYCLE (EARLY WRITE ) 
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HYPER PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE : Dout = n 


ta 
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HYPER PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE ) 
N n 
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HYPER PAGE MODE WORD READ-MODIFY-WRITE CYCLE 
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HYPER PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE 
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HYPER PAGE MODE UPPER-BYTE-READ-MODIFY-WRITE CYCLE 
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HYPER PAGE READ AND WRITE MIXED CYCLE — 
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RAS-ONLY REFRESH CYCLE 
NOTE: ne ie , Din = Don't care 
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CAS-BEFORE-RAS REFRESH CYCLE 
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CAS-BEFORE-RAS SELF REFRESH CYCLE(LL-version) 
NOTE : W, OE, A=Don't Care 
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HIDDEN REFRESH CYCLE (READ ) 
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HIDDEN REFRESH CYCLE ( WRITE ) 
NOTE : Dout = OPEN 
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CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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PACKAGE DIMENSION . 
42-LEAD PLASTIC SMALL OUT-LINE J-LEAD . Units: Inches (millimeters) 


1.070 (27.18) 0.025 (0.64) 
| MIN 


I 


1.080 (27.43) 


0.395(10.03) 
0.405(10.29) 
0.435(11.05) 
0.445(11.30) 
0.008(0.20) 
0.012(0.30) 
0.365(9.27) 
0.375(9.53) 


0.130(3.30) 
0.140(3.56) 


[accor 


0.040 (1.02) 
MAX 


44-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


26(23) ah os: 
iat 


0.455(11.56) 
0.471(11.96) 
0.400(10.16) 


0.016(0.40) 
0.024(0.60) 


oona019 | 
0.010(0.25) 


0.047(1.20) 


| | 0.004(0.1) 
z 
0.036(0.925) | | | 0.010(0.34) | | 0.031(0.80) = 
0.018(0.36) TYP 8 
R °o 
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CMOS DRAM 


1M x 16 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 


en 
KM416V1000A-6/A-L6/A-F6 | 60ns | 15ns | 110ns_ 
KM416V1000A-7/A-L7/A-F7 | 7ons | 20ns | 130ns | 


+ Fast Page Mode operation 
» 2 CAS Byte/Word Read/Write operation 
* CAS-before-RAS refresh capability 
* RAS-only and Hidden Refresh capability 
« TTL compatible inputs and outputs 
« Early write or output enable controlled write 
¢ Triple +3.3V+0.3V power supply 
¢ Refresh Cycle 
- 4096 cycle/64ms (Normal) 
- 4096 cycle/128ms (L-version) 
- 4096 cycle/128ms (F-version) 
¢ JEDEC standard pinout 
* Available in plastic SOJ and TSOP(II) packages 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


== 
roan 4] Rowan Bo] 


Ao~A7 


VBB Generator 


FF Vobd 


Row Decoder 


Memory Array 
1,048,576 X 16 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM416V1000A/A-L/A-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers. 


The KM416V1000A/A-L/A-F features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 


‘are fully TTL compatible. 


The KM416V1000A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 
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KM416V1000A/A-L/A-F 


CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM416V1000AJ 


1 
2 
3 
4 
5 
6 
7 
8 


° 


« KM416V1000AT 


° 
< 
Q 
i) 


ONOO AWN 


9 
10 
1 


Vss 


"Lower Colunn Adress Svobe | 


Lower Column Address Strobe 


Read/Write Input 
Data Output Enable 
Power(+3.3V) 


No connection , 


* KM416V1000AR 


“ODO ON OO FBWND + 


1 
1 


(TSOP(II)-Reverse) 
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CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative to Vss 
Voltage on Vop Supply Relative to Vss 
Storage Temperature 

Power Dissipation 

Short Circuit Output Current 


* 


-55 to+150 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 


should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


[Feremeter [Symbol _| 


Supply Voltage 
Ground 

Input High Voltage 
Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter 


Operating Current* 
(RAS, UCAS or LCAS, Address Cycling @trc=min.) 


Standby Current a 
(RAS=UCAS=LCAS=W=Vin) 


RAS-Only Refresh Current* 
(UCAS=LCAS=Vin, RAS, Address Cycling @trc=min.) 


Fast Page Mode Current* 
(RAS=ViL, UCAS or LCAS, Address Cycling @tec=min.) 


Standby Current 
(RAS=UCAS=LCAS=W=Vpp-0.2V) 


CAS-Before-RAS Refresh Current* 
(RAS, UCAS or LCAS Cycling @trc=min.) 


Battery Back-Up Current, Average Power Supply Current, 
Battery Back-Up Mode, Input High Voltage(Vi)=Vop-0.2V, 
Input Low Voltage(ViL)}=0.2V 

UCAS, LCAS= 0.2V 

Din=Don't Care, tac=31.25ys (L-Version) 

tras=tras min~300ns 


Pnnsunag 
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KM416V1000A-6/A-L6/A-F6 
KM416V1000A-7/A-L7/A-F7 
KM416V1000A-8/A-L8/A-F8 


KM416V1000A 
KM416V1000A-L 
KM416V1000A-F 


KM416V1000A-6/A-L6/A-F6 
KM416V1000A-7/A-L7/A-F7 
KM416V1000A-8/A-L8/A-F8 


KM416V1000A-6/A-L6/A-F6 
KM416V1000A-7/A-L7/A-F7 
KM416V1000A-8/A-L8/A-F8 


KM416V1000A 
KM416V1000A-L 
KM416V1000A-F 


KM416V1000A-6/A-L6/A-F6 
KM416V1000A-7/A-L7/A-F7 
KM416V1000A-8/A-L8/A-F8 


KM416V1000A-L 


Iccs 
Icce 
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DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 


Parameter —*d Smbol in | e| 


Self Refresh Current 

RAS=UCAS=LCAS=ViL 

PR i peices ai Iccs . 
W=OE=Ao-A11=Vo0-0.2V or 0.2V - KMS TGVIOOOAE _ 250 | #A 
DQ1-DQ16=Vpb-0.2V or 0.2V or Open 


Input Leakage Current hay 40 40 
(Any input 0< Vin <VpD+0.3V, all other pins not under test=0 V) 

Output Leakage Current low) 10 
(Data out is disabled, 0V<Vout<Vpp) 

Output High Voltage Level (loH=-2mA) | | Vow } 24] - | 
Output Low Voltage Level (lo.=2mA) VoL | = | 04 | 


*NOTE: Icc1, Iccs, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
once while RAS=Vi. In Icca, Address can be changed maximum once while page mode cycle time tPc. 


CAPACITANCE 1a=25°C, Von=3.3V. f=1MHz) 


ee ee 


Input Capacitance (Ao~A11) 


Input Capacitance (RAS, LCAS, UCAS, W, OE) 
Output Capacitance (DQ1~DQ16) 


AC CHARACTERISTICS (o°c<Ta<70°C, Vov=3.3V+0.3V, See notes 1,2) 
(Test condition : ViH/ViL=2.1V/0.8V, VoH/VoL=2.0V/0.8V, Output Loading C.=100pF) 


romero mm | 
Random read or write cycle time | tec | 110] | 130] | 150] | ns | 
Read-modify-write cycle time | tw | 155{ | 105] | 205] | ns | 
Access time from RAS tRAC | | eof =| of | a0 | ns | 3,4,11 | 
Access time from CAS | tcc | =| Sts] | ao] || ns | 3,4,5 
Access time from column address lt | | 30 | | gs] | ao] ons | 3,11 
CAS to output in Low-Z 1 
Output buffer turn-off delay ! tor | of 15] of i5| of 15| ns | 7 | | 
| Transition time (rise and fall) 50 | 3{ 50| ns {| 2 | 
FAS precharge time | fre | ao] | sof | ol fins | 
RAS pulse width | tras | 60 | 10,000 10,000] 80| 10,000] ns |__| 
RAS hold time few | ts] {| aol | ol fs | 
CAS hat time tom | cof | ol | wo} | ns | 
CAS pulse width 10,000] 20| 10,000{ 20] 10,000| ns | | 
PAS to CAS delay tne | too | 20| 45| 20[  s0| 20] eo| ns | 4 
RAS to column address delay time | tro | 15{ 30| 15| 35/ 15] 40] ns | 14. | 


a : 7 ney 
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AC CHARACTERISTICS (continued) 


neste emake 
GAS to RAS precharge time a se ee 
Row address set-up time | fuse | of | of | of [ms] 
Row address hold time | tran | 10 | 
Column address set-up time I asc | 0] 


—_ 

Column address hold time 10] | 
|| 

fee! 


_ 
an 


Coiumn address hold time referenced to RAS TAR 
Column address to RAS lead time tRAL 


Read command set-up time tRcs | of | Lo 
Read command hold time referenced to CAS tRCH [| | ol 
Read command hold time referenced to RAS tRRH | =f oof )~— 


Write command set-up time ltwes| of | of | -of 
Write command hold time tWCH a ee ed ed ee 
Write command hold time referenced to RAS twcr | a} | so] | 55] | ns|] 6 | 
Write command pulse width twp | ao{f | sf [a] [onl | 
Write command to RAS lead time 15 | fas] sf ol dT cs | 
Write command to CAS lead time tow. | 15 

Data-in set-up time fs | of | of | of | ns] 10 | 
Data-in hold time 
Data-in hold time referenced to RAS 


Refresh period (Normal) tREF 
Refresh period (L-version) | tREF 
| Refresh period (F-version) tREF 


Oo 


| | 15{ | ns | 10 | 
| | of sf ns | 6 | 
| ot] | es] | st] ms | 
| 18| | 28 a ms — 
128] | 128/ =| 128] ms 
CAS to W delay time tcwo | 40 | so] | sol =| ons | 8 
RAS to W delay time trwo | 85 | 95} | 105] =] ns | 8 
Column address to W delay time a tawD | 55 | 6o| | 65] | ns | 8 
CAS precharge to W delay time tcpwo| 60 | 65{ | 70, |r| | 
CAS set-up time (CAS-before-RAS refresh) tCsR 10 | of =| to] ns | 
em ho time (CAS-before-RAS refresh) tcHR | tof | tol {ns} | 
ee | ns | 


' 
a 


10 
RAS precharge to CAS hold time tRPC | 5 | 


CAS precharge time (C-B-R counter test cycle) tCPT | oo] | as] | 
Access time from CAS precharge tCPA | | 35] | 40] 

Fast Page mode cycle time alle 40 2} 8} 
Fast Page mode read-modify-write cycle time tprwc} 80 | 400 

RAS pulse eidth (Fast page mode) tRASP | 60 | 200K] 70 | 200K} 80| 200K] ns | | 
RAS hold time from CAS precharge ~| tRHCP 35} {| aol | a5] ons | 
CAS precharge time (Fast page mode) top | af | wl =| wl ns | 
RAS hold time referenced to OE tRoH | 15 Pa ee 
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AC CHARACTERISTICS (Continuea) 


E access time 


Output buffer turn off-delay time from OE 


OE command hold time 


| Min | 
aa 
| 15 
|_o| 
OE i [15 


[=] 
Oo 


RAS pulse width (F-ver) 
RAS precharge time (F-ver) 
CAS hlod time (F-ver) 


= 
= 
Oo 
; — = 
(oa) on 
1 


KM416V1000A/A-L/A-F Truth Table 


[wee ees 
I-Z 


: 
a 


X 
X 
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wz | ee 

[paan [Don't Gare | Lower Byte wits 
| Bontcare | _DG:N | Upper Byte write | 
[bon [oN | Werswe —| 
pee eee | 


L 
L 
L 
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KM416V1000A/A-L/A-F CMOS DRAM 


NOTES 


1. An initial pause of 200/s is required after power-up followed by any 8 ROR or CBR cycles before proper device 
operation is achieved. 

2. Vin(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are measured 
between ViH(min) and Vit(max) are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 TTL Loads and 100pF. 

4. Operation within the tacp(max) limit insures that trac(max) can be met. tRcp(max) is specified as a reference point 
only. If tacp is greater than the specified tacp(max) limit, then access time is controlled exclusively by tcac. 

5. Assumes that tacb > trcp (max). 

6. tar, twcr, tDHR are referenced to tRap(max). 

7. torF(max) defines the time at which the output achieves the open circuit condition and is not referenced to Von or 
VOL. ; 

8. twcs, tRwD, tcwo and tawp are non restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only. If twcs>twcs(min) the cycle is an early write cycle and the data output will remain 
high impedance for the duration of the cycle. If tcwo>tcwo(min), tawo>trwo(min) and tawo>tawo(min), then the 
cycle is a read-write cycle and the data output will contain the data read from the selected address. If neither of 
the above conditions are satisfied, the condition of the data out is indeterminate. 

9. Either thcH or tRRH must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in read- 
write cycles. 

11. Operation within the trap(max) limit insures that trac(max) can be met. tRap(max) is specified as a reference point 
only. if trap is greater than the specified trap(max) limit, then access time is controlled by taa. 

12. tasc, tcaH are referenced to the earlier CAS falling edge. 

13. tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 

14. tcwo is referenced to the later CAS falling edge at word read-modify-write cycle. 

15. tcwt is specified from W falling edge to the earlier CAS rising edge. 


LCAS 


ADD. SOOO Adee, ROOK ORR SSD 


=I 


16. tcsr is referenced to earlier CAS falling low before RAS transition low. 
17. tcHR is referenced to the later CAS rising high after RAS transition low. 
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18. tos, tDH is independetly specified for lower byte Din(1~s), upper byte Dinig~16) 


CCAS 
UCAS 
ae 
DADA, SOSA On PRR 
. tos tox , 
Ww 


19. 4096 cycie of burst refresh must be executed within 16ms before and after self refresh, in order to meet refresh 
specification (F-version). 
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TIMING DIAGRAMS (Continued) 
LOWER BYTE READ CYCLE 
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TIMING DIAGRAMS (Continued) 
WORD WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 
UPPER BYTE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
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TIMING DIAGRAMS (continued) 
WORD READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS continued) 
READ-MODIFY-UPPER-BYTE-WRITE CYCLE 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE LOWER BYTE READ CYCLE 
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6 2 \) EB, (3 ADDRESS QOXOK ADDRESS 
Vit 
trap if t 
trcs FJ mi RCH 


=| 


roe ~ OK YQ 


OE OOO TA 


WV, 
Vit We ROR EXERT 
mee FOXES spas Hise 
toz 
DQ¢-DQi¢ be = ee OPEN : 
FAST PAGE MODE UPPER BYTE READ CYCLE 
RAS Viq tar <a 
Mie tore ; 


Vi — ¥Y¥¥ 
UCAS wy 


[CAS al 
al 
Vin — ae 
A y a ome =e DOSED i PsouM O 


ADD oe aa 


VV 
eas 


~ SE a Sai 


=| 


Ek ROARK ane a ea Ae pit | AGG 


Moe ne me 
trac 
Vou — tae VALID VALID ia ige >, | VALID 
DQe-DQi¢ Nees DATA-OUT HORE DATA-OUT T oavacur oP DATA-OUT _) 


teiz 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 


trasp trp 
eee Vin — t 
RAB ig. ns 
Me terp 


Pe eee eae 
——. Vn— AAJ R\ | tcas tcas—— < tcas 
vom ® A /7 
— x : 
r torp i a ee a t_| 
tested PC — rane 
ee] 
= OD Naa /7 
= oP NN 


Viq— 


Xx» oe, (Xf COLUMN “RXLK X Wy COLUMN ie X SoM es 
SA CorkprEke (iontss DOK, mores PONS) 


Wd) 
iHa- YY YVY onl Last \) = alee Wav Ava, 
NT ae On 


AA AVA AY AX 
tow. 


-~- 
> 
2 
D 
- 
9} 
a 
ld 
7, 


= 


XL 

VV AV AV AVAT AV AT AVIVA AY AV AV AY AVIAN AY AVA AN AV AV AV AVIV AV ATA AN AY BN. AV AVIAN AT UN IN AIAN AV AW AV AV AN AN) 

TE KKK KKK KK KDC KK ICC IKK 
ton 


tour 
FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE) 


trasp tre 


tar 


pee t t t 
Vie L\ —_ Pa | PC i PC ~ RSH 
eo) 
on Vin — XXy \ 
Vir — xX) x 


tasr tcsH ey 
Vin — 2YQ on CX) Poo OX X COLUMN XxX Fo OXXXX® 
A ROOK 0 DROON Roortss DRY. aboness PROKNM aonees DKK 
_ Vie —- AIVVVVVVV/V Vv a iieeep ea ia YYV 
eee commen Lan pent =i emma 
| tewe a | ra tow. 


Vin YY VYYYVYY YYYVYSY YY YY YYYYYYV YY VY YY SSS YY YY YY SS Y 
TE RI WOK sie RS 
| -}— tou 


com + CRIM ws HOU oe DOL ES MOTI 
tour : 


Vin — SPYVVVYVV YY YY YYVYVY VV re VA AV AVAVA ANA AAV, SVVYVV YY VY VY VV VV Y XV VY 
canon COTO OO 


Koy DON'T CARE 
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~ TIMING DIAGRAMS (continued) 
FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE 


trasp tre 


a Nines i tar 4 
BAS? Ajo . 
; seeal taco . tcp -— 
oe \ 
Vin — 7WY — i 
CCAS = = Yiy ; i a t tos 
Vn - WY CS, a TIA, ra a i.e bd YYVY) 
my OOK. BRS IRGOX, ROoaESS PRON Ropness ROOM RBone ss D a 
= Vin — TYY Beak i == YY uae) Mites) iv, 
. ee ae Ds: AMT [TREK 
a es H copies ie 
Fe CCIE OCICS 
DODO RRR KKK KIKI KK KIKI KKK 


ton 
Bar 0a" SKK ottitn DEK onan DYE otacn DORKS 
’ tour 


FAST PAGE MODE ee READ-MODIFY-WRITE CYCLE 


trasp 


ae Vin — 
RAS yy, = 
| Vin — DOF toas tcas 
oom // 
CRP tosH 
Vv tacp j=] teawc top thse “al 
IH — “SOOT —— tcas— - tcas 
CCAS ae Oy tasc J / 
"  tasr tral tasc 
Peep Ee | 
COLUMN 
ADDRESS 


S| 


Vin — TUN TY VUVUVY YY YY YY VY YY YY YA 
ROE ERE CED PEMA 
OOO a 


LAALV/VANSS 


Vin 
Vii 


— tox 


vals .) < f) 6 YVYYVVVY YY 
povooe Yor OC O_O SIRO 
t 


z tez 
VALID DATA-OUT VALID DATA-IN VALID DATA-OUT VALID DATA-IN 


AAJ 5 
xX x DON'T CARE 
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TIMING DIAGRAMS 


FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 


trasp | tre 
a geag Vin — = 
RAS 
Vu — tore tapc 
ucas VN tprwe L tas 
Vii — taaliets —+ tesy top 
ro p=—— taco 7 
Vin VHF tcas —— tcas 
Vin — CON ——|—J COLUMN ROKR hee eeeereveneeeeee 
© ADO IEE Maes RROQQODK Pt ess REXXAR RONEN 
trao H 
etc —a = 
Vii XX OX XKX% =e E I 
en Ves toca a 
E 
Va — taa 
EEE oIee ha 
Vion ‘) ; VYYYVV YX 
ec ae OK DKK Bs PRR 
teuz teuz ; 
itv VALID DATA-OUT VALID DATA-IN VALID DATA-OUT VALID DATA-IN 
DQe:DQ 16 OPEN 
Vio. . 
FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE — 
tre 
— TRasp —~| 
Vin —_ tar | |__| 
RAS a tc tesH— — tasH 
It RP = as 
Vin — YY CAS — CAS 
ne Vi — ON oe ; | L/ trec 
Vin —- VY XH 
Wo — RNP RETF TRLIRRRER RRR ANN RRRER KEKE ERN RRR 
ARE BoD PKL noone ss PCR REDRESS PRN) 
trao ae trac | 
= Vin — OOOO 1 7 
” Vii — QOL a 
cI 
ee eee ee 
DQ1-DQs 7 2 iti H rae ren om tos 
teac toez tou : 
satoy > OO OC 


(Continued) 


teiz teiz 


VALID DATA-OUT VALID DATA-IN 


VALID DATA-OUT VALID DATA-IN 


KX DON'T CARE 


Pisvig 
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KM416V1000A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS (Continued) 


RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 


LCAS 


vn SOK adortiss PR SSI IIIS SII 
CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, OE, A= Don’t Care 


taas 


| tess mee . 
Vin — AU AU AUN AV AVANT ANT AVAN AN AN ANN ANA AAV AY 
TORS ai LXER KKAKX KX KX RIKD 
rors YH ae - KOKO 
ave JR KKKXKK XS 
pat-pate “°"~ N OPEN | 


CAS-BEFORE-RAS SELF REFRESH CYCLE (Self restresh only) 
NOTE: W, OE, A= Don’t Care 


tres 


trp . 
AAS Vin trass 
Vit — 
Ge ee trec 
Vin XXX \) 
q 
UCAS s | | _& xX XX 
tcp 


— 
ae tcHs 
ms os ROON 
OFF 
DQ1-Dai6 Pe ; Ny EEN 


ex DON’T CARE 


ELECTRONICS 


KM416V1000A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 


tre : tac 


— tras tap tras tre 


tar 
RAS y, _ 
Vin — y tour 
UCAS Vi — \ 4 / 
Vin — ; 


tasr 


ON PD EM NNENNNENINN NOISES 
trap 
WY RRR RRR RNY 7 SALMO UALL IAAL ALULG 
taa ; torr 
ce * REXEL EOIN 
ite ve - trac 2 Z VALID DATA-OUT = ) 


+—___—— tras tre tras trp 
Vin — 


Vi — 


tere 


ae 
\ 


tear 


Vin 

LCAS Ves 
tasr ; 
CAH 


_ YVY\3 a X pe VAC AV AV AV AV AW VY VAVAVAVAC AW AW VY WAV AW, 
We ROK actStlss DEX SORE DK ORI 


> 


tweou 


pare Via — VYOWIIIITIT Y VYVYVVYYYYVY YY ¥ YY VY YY VY VY VV 
Fn XK TT IKK 

Vin — YY VV YY VY Y YY YY VV ¥ ¥ ¥ YAY VY YY VV YYV YY YY VY VV Y YY YY VY VY YY VY 
FE. KKK KI KKK KKK 


tox 
Vou — RAI YYVY/YvV IVY VW YY YY 
000 1 RRO warn SOIT IIIs 


tour 
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TIMING DIAGRAMS (continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


trp 


Vi : tras 
RAS 
Vit 


tcpr tasH 
tcsr : 


Vin — te 
UCAS | asoaenes : 
Vii — ; 


=u 
oe =o 
mi 


o iaeap 
Vin — VYYYY VYYVYYYYYVYYVYVYVV VY —— — YYYYYYYY YW YY YY YVYVY VY 
yn — RRR KKK) {cones} KI 
_ READ CYCLE + ee 
Viq— WV/YYSYSYSY VY YY VY VY VY VY Y ¥ -— ks 
We XK KK KAKO & | | Nees 
| aes 
Vu —~ YYVYVYVYVYYVYVYVY YY YYVYYVVYYYYYw TF AAV AVAV AANA AVA 
REN | ARIS 
ee 


(| VALID DATA-OUT » 


LOK KKKKXXD 


Vow — v\) 
DQ,-DQi6 Vo. a rk 


WRITE CYCLE . roe 
— Vu-VZw DIVYIVIVYVYYVVYV YOY ail 
WRK | 

= 


. 
ee eae |= on se 
} 


aaa | o, 
READ-MODIFY-WRITE aS 

Vw — IVY VOY TITY VV Vo Mle aa AVA AYAYAY 

Te KY CTX 


Vii ~ QA hs ' RAL VAAN 


— Vin— F 
OE Vee N tora ] rat ton 
Vien 4) ¢ VYVYV YY VY 
DOy-DOre —vy 1) 6) { . J YK KY 


VALID DATA-OUT VALID DATA-IN 


xX DON’T CARE 
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- PACKAGE DIMENSION -. 2 
42-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


1.070 (27.18) 


0.375(9.53) 


0.395(10.03) 
0.405(10.29) 
0.435(11.05) 
0.445(11.30) 
0.008(0.20) 

0.01 2(0.30) 

0.365(9.27) 


0.130(3.30) 
0.140(3.56) 


Scr 


| | 0.050 (1.27) 0.040 (1.02) 
; TYP MAX 


44-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


26(23) aR 0-8° 
1 


0.016(0.41) | | 
0.020(0.51) 


0.400(10.16) 


= 
ar 
rie 
cla 
wl= 
Oa 
=) 


0.016(0.40) 
0.024(0.60) 


0.010(0.25) 


0.841(21.35) MAX 


0.047(1.20) 


0.821(20.85) 
0.829(21.05) 


0.010(0.34) | | 0.031(0.80) 
0.018(0.36) TYP 


[eso] 


0.036(0.925) | | 


0.00 MIN 


1132 


ELECTRONICS 


0.025(0.64) 
1.080 (27.43) | | MIN 
Lott . 


KM416V1200A/A-L/A-F 


CMOS DRAM 


1M x 16 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 


Petra | tence | tre | 
KM416V1200A-6/A-L6/A-F6 | 6Ons | 15ns | 110ns | 
KM416V1200A-7/A-L7/A-F7 
KM416V1200A-8/A-L8/A-F8 | 80ns | 20ns | 150ns | 


¢ Fast Page Mode operation 
+ 2 CAS Byte/Word Read/Write operation 
* CAS-before-RAS refresh capability 
« RAS-only and Hidden Refresh capability 
* TTL compatible inputs and outputs 
¢ Early write or output enable controlled write 
* Triple +3.3V+0.3V power supply 
¢ Refresh Cycle 
- 1024 cycle/16ms (Normal) 
- 1024 cycle/128ms (L-version) 
- 1024 cycle/128ms (F-version) 
¢ JEDEC standard pinout 
¢ Available in plastic SOJ and TSOPi(II) packages 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


c 
EE 
=| ala 


VBB Generator 


Vpp 


GENERAL DESCRIPTION 


The Samsung KM416V1200A/A-L/A-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers. 


The KM416V1200A/A-L/A-F features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416V1200A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 


DQ: 


Lower 


Buffer 
lo a 
os OE 
Refresh Counter Memory Array Q 
1,048,576 x16 E 
< 
Cells o DQs 
wn 
Ao~Ag |_»| Row Address Buffer 5 to 
sk Upper DQi6 


~ Col. Address Buffer 


Ao~AgQ 


Column Decoder 


Data out 
Buffer 


PSimsunag 
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KM416V1200A/A-L/A-F CMOS DRAM 


PIN CONFIGURATION (top views) 


* KM416V1200AJ * KM416V1200AT + KM416V1200AR 


10 Vop 10 Vss 1 Vpp 
2 Dai 2 DQi6 2 DQr 
3 DQz2 3 DQis 3 DQe2 
4 DQ3 4 DQi4 4 DQs3 
5 DQs 5 DQi3 5 DQ4 
6 Vop 6 Vss 6 Vop 
DQs 7 DQi2 7 DQs 
7 DQe 8 DQi4 8 ~DQs 
. DQ7 1] 9 DQt0 9 {nn Da 
DQs 10 DQo 10 DQs 
N.C. 11 N.C. 11 N.C. 
N.C. N.C. N.C. 
N.C. LCAS N.C. 
WwW UCAS Ww 
RAS OE RAS 
N.C Ag N.C 
N.C As N.C 
Ao Az Ao 
Ai As Ai 
Ao As Ae 
A3 Aa A3 
Vpp Vss 22 [0] Voo 
(SOu) 
(TSOP(II)-Forword) (TSOP(II)-Reverse) 
[PinName] Pin Function | 
Address Inputs 
ee 
| RAS Row Address Strobe 
| UCAS | Upper Column Address Strobe | - 
| TCAS | Lower Column Address Strobe 
Read/Write Input 
| OF Data Output Enable 
[veo —_| Powers. 
aa eee 
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ABSOLUTE MAXIMUM RATINGS* | 


acy Wee ena al 
Vin, Vout -0.5 to 4.6 


Parameter 


Voltage on Any Pin Relative to Vss 


Voltage on Vpp Supply Relative to Vss Vopb 


Tstg 
Pp 


los 


Storage Temperature 


Power Dissipation 
Short Circuit Output Current 


* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Parameter 


Supply Voltage Vopb 


Ground Vss 
Input High Voltage 


Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol} Min | Max | Units | 
Operating Current" KM416V1200A-6/A-L6/A-F6 150 mA 
a oe : KM416V1200A-7/A-L7/A-F7 lect - 140 mA 
| (RAS, UCAS or LCAS, Address Cycling @trc=min.) KM416V1200A-8/A-LB/A-F8 M2 130 | aan J 
Standby Current KM416V1200A | 2 mA 
— KM416V1200A-L \cc2 - 1 mA 
WES ese ean KM416V1200A-F , |_| ma 
+— —|— 
RAS-Only Refresh Current* KM416V1200A-6/A-L6/A-F6 150 mA 
TAKS _TARS =e : ‘ KM416V1200A-7/A-L7/A-F7 Icc3 - 140 mA 
naaeae RAS, Address Cycling @trc=min.) KM416V1200A-8/A-L.8/A-F8 130 mA 
Fast Page Mode Current" KM416V1200A-6/A-L6/A-F6 tr 100 mA 
—— OAKS W PAKS : : KM416V1200A-7/A-L7/A-F7 Icc4 - 90 mA 
eee UCAS or LCAS, Address Cycling @tec=min.) KM416V'1200A-8/A-L8/A-F8 | 80 mA 
Standby Current KM416V1200A Bie 1 mA 
SRE _TIRRE ACRE Alon. KM416V1200A-L - ccs - 300 | uA 
encase 0.2V) KM416V1200A-F al | 500 uA 
— — i KM416V1200A-6/A-L6/A-F6 150 | mA 
GAS. UCAS or LORS Cyslng @trcemin KM416V1200A-7/A-L7/A-F7 | loco | - | 140 | mA 
MeN KM416V1200A-8/A-L8/A-F8 130 | mA 
: = 
Battery Back-Up Current, Average Power Supply Current, ; 
Battery Back-Up Mode, Input High Voltage(ViH)=Vbp-0.2V, 
Input Low Voltage(ViL)=0.2V KM416V1200A-L icc7 - 350 HA 
UCAS, LCAS=0.2V 
Din=Don't Care, tac=125ys (L-Version) 
tras=tras min~300ns 
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DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 


ee CI 


Self Refresh Current 
RAS=UCAS=LCAS=0.2V 
W-OE=Ao-Ag=Vpp-0.2V or 0.2V 
DQ1-DQ16=Vop-0.2V or 0.2V or Open ~ 


KM416V1200A-F 


Input Leakage Current 
(Any input O<VIN <VoD+0.3V, all other pins not under test=0 V) 


Output Leakage Current 
(Data out is disabled, 0V<VouT<Vpp) 


Output High Voltage Level (loH=-2mA) 


Output Low Voltage Level (lo.=2mA) 


*NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
once while RAS=VIL. In Icca, Address can be changed maximum once while page mode cycle time tPc. 


CAPACITANCE (1a=25°C, Voo=3.3V. f=1MHz) 


- Output Capacitance (DQ1~DQ16) 


AC CHARACTERISTICS (°c <tTa<70°C, Von=3.3V+0.3V, See notes 1,2) 
(Test condition.: VIH/ViL=2.1V/0.8V, VoH/VoL=2.0V/0.8V, Output Loading CL=100pF) 


-7 -8 Ais 
Parameter Symbol Units} Notes 
— Min | max Min | Max 
Random read or write cycle time 130 150 ns 
Read-modi it i. : | ie r iz qe 
ead-modify-write cycle time ns 
fy y' x aL caf 


Access time from RAS 


~ 
Oo 


Access time from CAS 


ie) 
oO 


Lie 
So 
= 

£ 
oO 
al 
wo 
ces 
Lt 


mine 
fan) 
[ete se 


‘| Access time from column address 
CAS to output in Low-Z 


Output buffer turn-off delay 


15 0 15} ns amt 7 
a. i 

Transition time (rise and fall) eal 3 50] ns 2 
pas : Sole tT 
RAS precharge time 5 60 ns | 
RAS pulse width 70 | 10,000 20 1 0,000 | af | 
RAS hold time 2 20 ns 
— $j 
CAS hold time 7 80 | | ns | 
ae ; a 
os puke wet aus 10,000} 20 | 10,000 | ns i) _ 
RAS to CAS delay time 20] 50; 20 | 60 | ons 4 | 
RAS to column address delay time 15 351 15 401 ns 11 
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AC CHARACTERISTICS (Continued) 


Units | Notes 


Parameter Symbol 


CAS to RAS precharge time 


Row address set-up time 


Row address hold time 


Column address set-up time 


Column address hold time 


Column address hold time referenced to RAS 


Column address to RAS lead time 


Read command set-up time 


Read command hold time referenced to CAS 


Read command hold time referenced to RAS 


Write command set-up time 


Write command hold time 


Write command hold time referenced to RAS 


Write command pulse width 


Write command to RAS lead time 
Write command to CAS lead time 
Data-in set-up time 

Data-in hold time 

Data-in hold time referenced to RAS 


Refresh period (Normal) 


Refresh period (L-version) 


Refresh period (F-version) 
CAS to W delay time 
RAS to W delay time 


Column address to W delay time 


CAS precharge to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS precharge to CAS hold time 

CAS precharge time (C-B-R counter test cycle) 


Access time from CAS precharge 


Fast Page mode cycle time 


Fast Page mode read-modify-write cycle time 


RAS pulse eidth (Fast page mode) 
RAS hold time from CAS precharge 
CAS precharge time (Fast page mode) 
RAS hold time referenced to OE 


see” 
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AC CHARACTERISTICS (Continued) 


a ae 
Parameter Notes 


OE access time | tora | | 15 20 20; ns 
nee ee i 
Output buffer turn off delay time from OE | tocz | of 15] 0 20 0 20} -ns 
| OE command hold time Se ce 

RAS pulse width (F-ver) | trass| 100] | too | 100 19 
RAS precharge time (F-ver) 110 Pe ae 150 4 19 
CAS hlod time (F-ver) tcHs | -50 aaa -50 i | -50 


KM416V1200A/A-L/A-F Truth Table 


Standby 
Refresh 
Lower Byte Read 
Upper Byte Read 
Word Read 


Lower Byte Write 


Upper Byte Write 


Word Write 
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brgare 


An initial pause of 20Qus is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh 
cycles before proper device operation is achieved. 
2. Virimin) and Vitimaxy are reference levels for measuring timing of input signals. Transition times are measured 
between Vit(min) and Vit(max) and are assumed to be 5ns for all inputs. 
3. Measured with a load equivalent to 1 TTL loads and 100pF. 
4. Operation within the tacpimax) limit insures that trac(max) Can be met. tacpimax) is specified as a reference point 
only. If tacp is greater than the specified trcpimax) limit, then access time is controlled exclusively by tcac. 
Assumes that taco2trcpimax)- 
tar, twor, tour are referenced to trapimax)- 
torFimax) defines the time at which the output achieves the open circuit condition and is not referenced 
to Vou or VoL. 

8. twcs, trwo, tewp and tawp are non restrictive operating aprameters. They are included in the data sheet as elec- 
trical characteristics only. If twcs2twcsimin) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tewo2tcwoiminy, tawo2tRwoimin), tawo2tawoimin) then the cycle is a 
read-write cycle and the data output will contain the data read from the selected address. If neither of the above 
conditions are satisfied, the. condition of the data out is indeterminate. 

9. Either tacH or taRH must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 
read-write cycles. 

11. Operation within the trapimax) limit insures that tracimax) Can be met. tRap(max) is specified as a reference point 
only. If trap is greater than the specified trapimax) limit, then access time is controlled by taa. 

12. tasc, tcay are referenced to the earlier CAS falling edge. 

13. tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 

14. tcwp is referenced to the later CAS falling edge at word read-modify-write cycle. 

15. tcwr is specified from W falling edge to the earlier CAS rising edge. 


aie ao 


xXx 


ADD. OCONEE PERRO TRI 


sl 


16. tcsr is referenced to earlier CAS falling low before RAS transition low. 
17. tcHr is referenced to the later CAS rising high after RAS transition low. 


RAS 


LCAS 


UCAS 


tesr 


tour 
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18. tps, tou is independetly specified for lower byte Dini1~8), upper byte Dinig~16) 


LCAS 


UCAS 
tos tou 
corroon POET 


a a av aS Bods QOir dss 


WwW 


TIMING DIAGRAMS 
WORD READ CYCLE 


torp | trsH i : 

Vin — PWVVY tcas } 
om | RD Nan m, 

Vi — XXX ; 

trac - | 
Sa ace OF 

el 
IS 


Te 
COLUMN y 
ADDRESS 


x Vin —~ "0%, 
Vic — Ky 


tasr 


©. OO, notes JRO) AKA KNX 


AVA ANY A 


tary 


tacH 


Biiiaes 


=| 


Ve RRR 


Vic — YALA AN 


LEKKI 


toez 


LS LAZAZN as 


FE, RY 


trac 
DQ,-DQi¢ ———— a OPEN 


7, ; 
Noe = ras VALID DATA-OUT 
LZ 


ROY DON'T CARE 


ELECTRONICS 


KM416V1200A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS (Continued) 
LOWER BYTE READ CYCLE 


—— Vin — 
Vii = 


UCAS Vin — YY 


Vim LODO 
Vn — AVY Y¥ 
meee Vi — OS \ 
: tasr 
neo 


Vin 


Y 


a) eee 
VV (X YY 
ELSE OCS 


SNMGNUNMONONNNS 


trap tacs tani 


=| 


Viq — — So 


VAAN AN ANAT AN AN AN AW A, 


Vin — ZV V/V 


FE i = RAR RRO ONL | 


VY 


Hees . 
DQ yD Oe OPEN xX VALID DATA-OUT > 


Vi 
DQ5-DQi6 a OPEN 
Vo. — 


UPPER BYTE READ CYCLE 


tar 


i 
Le wy |} | N yy 
Vi — DOA NS A 


taec 
———— 


V YVVY — 
tcAs |"  X) 
= Ui en ae = 


trrH 


SRR 
eK 


LS 


torr 


SD CBE OTE RA OC aa 


= 
Vin — YY YYVVYVVY YY 
Vii — YY ail 


FE RRS 


S| 


Vi— YALA IAN 
Von — — toea 
DQ,-Da, °" OPEN 
Vo. — tcac toez 
trac 
Vou — | XY 
DODO ca OPEN OX VALID DATA-OUT » 


RY DON’T CARE 


ror ROOK 


AX 


LN 


torr 


elit? 
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KM416V1200A/A-L/A-F ~ CMOS DRAM 


TIMING DIAGRAMS (continued) 
WORD WRITE CYCLE (EARLY WRITE) 


tras _—_——.| 
7 \ a tar 
Vit — 


tcrp 
7 
oer Ye iT a f_/ 
= SBT "SSS ees ARDY, 


tasr tran as 
KK 


a 
= \/ a \/ VY 
"ROME atts PRK BSH PRIS SSNS SSRN 
Va v YVYVV KN VY WV YY 
> RR Pearman 


eae meee 
YH XMKKKKKKXKK KKK mene ae COCCOOCCOTOOOOII TOOT ECO ee 
OE ve XXXXXXXXKXXKKAKAKAX AIA 
tox 


POO RRR vat oar PRIOR RRR 


LDAAADBALDLS LALVINANAALANASS 


tasc 


tour 


LOWER BYTE WRITE CYCLE (EARLY WRITE) 
[eS Be eee 


tre 


t, 
tras Re 


Vin — 


ees 

RAS tar 
Vi — tore taec 
$f ae am 

oe Vi — aay | fash 

é tos 

Be OY tno - aw 

ate tasr tray | t [Ss aa tJ 

» MOT RS WON GER ORRRRERE amare 
ve DOK, ass PRON SBBRES OCOD 

——— X 


— - Ver YYYYYVVYYY YX ¥ YY YYVYV YY YY YY VY VY 
ae OOO 
iS IOI IO 
; . tou 
A ees AVAVAVAVAVAVAVAVAVAVAVAY é YVYVVYVVYVYVY VX VV VVVrVrKvryyyryvryrwv 
D006 IIIS veto Daren DOKI KOCK 
Danna SORKIN ICRC NOI CIR 


RY DON'T CARE 


om ee a 1142 
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KM416V1200A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS (Continued) 
UPPER BYTE WRITE CYCLE (EARLY WRITE) 


LCAS 


=| 


DQo-DQi6 


tac 


tras 


Vin — 
Vii — 


tore sl ae i. 
= Wy) — = 
— = 
a aay 
RAD 


7 i “CAN adiolss | a XX x) 4 a SCRUM SRS AY XXXXX OG OA KO 
Vin — Ys V4 \ 
wee = IS 


twor 
tawL 


Vin — 


Va RK OY LE NCO tin eracading 
Me ORS nae OK DY000000 pee ssnaneasaasumaneas 


1 OOD ae SII KIS 


tour 


WORD WRITE CYCLE (OE CONTROLLED WRITE) 


‘DQy-DQig 


tac 


= tere al oe 
ia ey im 


me aa 


tray 
tasc 


: MEE BH ABER PARR RIKI 


Ve RSS RY ARRAN 

Ye RRR co ROO 

-- . a aes OOGtnenn 
| DON’T CARE 


ELECTRONICS 


KM416V1200A/A-L/A-F | CMOS DRAM 


TIMING DIAGRAMS (continued) 
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 


tre — 


tras trp 
Vin t 
RAS An 


a ‘a ——<- Ls 


Vin— AZ \A/ ‘e ae 
CCAS i: = 6 ls —s Ao =o 


se | [oe 


Vin _ AX 


a aa er os CR OY 


Vin —~ iv, twe 4) 
WF KOOL UK 


ton 


00,b06 — : ROSOEK,. VALUE BATAAN I KK 


Vin 
Vii 


RICKI IRI 


UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 


tac 
tras — tre 


Vin 
Vit — 


tore 
oS == 
= 


a ee 
peas: OOO Fal 


trap L 
Vi — DONZS tasr [= 


; - — RN atortss PROM SBowts PRO KR KKYD 


7 RRR ERIS 
EA, RK OOOOY PR ursnranrnnnensansenes 
EGE tS OOOO TORE RRR RK 
eats . a EEK veto param DRO oe SOS 
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KM416V1200A/A-L/A-F 


TIMING DIAGRAMS (Continued) 
WORD READ-MODIFY-WRITE CYCLE 


CMOS DRAM 


tas 
tcas ie 


CE ce 
Ww M4 COLT SRK OI 


Y 


x OX 


KX 


KOMIK 


an = Vin =" t 
RAS ‘AR 
‘e tore ; 
[34 rt" treo _ 
Vin — KXF 
UCAS + 
tag +--+ RSH 
ms N 
IL ae be t—— 
a Ne TAO ROW BOQ) 
Vi — W, ADD pea XXX 
= tawo 
; tewo 
WwW Vin 7 
Vit — 
fos J  AVAVAVAVAUAW AT ATAU AT AV AV AV AV AV AV AN 
=< RRR 
trac toez 
ie Fe 
eyes Vio. — mes 
t 


CLZ 


READ-MODIFY-LOWER-BYTE-WRITE CYCLE 
le 


twe 


z 
F COLIN D1 11 GS 


a 


IO 


trwe 


trwe 
tras 
_ Vin 
RAS Vi tear 
ucas YH — OY tan 
Vir — YS 
Cas trsH 
tas “NT 0, teas a 
Vi tasr \ 
Vin = 8, aan ™ i LX 2X) 
Viv — WS, ( foo_) YK ROKK 
i bo 
cl 
Vil = 


ao 
Vin — PIS TARAI VIVO, LEA 
ROA 


tow. 
ERR 


twe 


toep 


KH, 
Cf on 


OE 
Vii — DALBAAAAALAALAAAALA 
Ce ree oe 
a ee 
DQ,-DQ, = 1" OY) (VALID DATA OUT) 

Viow — ‘ & {A 
VioH v2 

DQ g-DQi¢ OPEN 
Viol — 


en, DON'T CARE 


ean aa 
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KM416V1200A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS (Continued) 
READ-MODIFY-UPPER-BYTE-WRITE CYCLE 


mel Be AL 
ns ie 

Vin — X "4 Y V/ YY YY YY YY YY VY YY YY YY YW YY 

eee Koa) SRR RIG 

eS : =) RRR 

\ isa 


=| 
<§ 
1 | 


FE, — EIGN / i 


Vio. 


te es ges 


== me 
DQ¢e-DQig vies ms’ (|VALID DATA OUT) OY VALID DATA IN 


teiz 


FAST PAGE MODE WORD READ CYCLE 


ee | 


t 
RAS tar RHCP 


Sega onl l=rall a: 

- _ ‘ TIE iW ——y iW 
ee i ee i EN Ee 
Viq — ee el are taRH 
Vn RY |_| ‘a 


RK 


=| 


toea 
Via — POIVVVVV YO" 

TE RR 

trac sh oe ga ee 

te Nee Or oiesr} i Se: 

teiz 


teiz teiz 


RY DON'T CARE 
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AK XXX 


torr 


‘xX paraouT |) 


KM416V1200A/A-L/A-F 


CMOS DRAM 


TIMING DIAGRAMS continued) 
FAST PAGE MODE LOWER BYTE READ CYCLE 


trasp 


pas YM tan 
Vu — torp 
Vin — FH 

ucAS ) 
Van — tore 


vui-&A 
tasr 
rR Ree eee ae ee 
— xX ROW OX COLUMN EX COLUMN 
A ecm P SOLUMN, DRY XK Apress 


Vir 


NG 


=| 


We OOO 


toga 


FE = RR KOOL 


; teiz 
DQs-DQis “OH 


OPEN 
Vor — 
FAST PAGE MODE UPPER BYTE READ CYCLE 
a RASP 
RAS tar 
Vii — 
vers" _ xX) 


zi ‘== 
HH 
a — 2 


LCAS 


A= 


RY oo 


al 


ree 


DQ; -DQs 


PENS eae 


xX 


peeeees | xx 
No Sccuaire tacs 
tacs ST ew 
Y 
AA 


truce 


4%, 
YY 


y ARN 
trac 
: Vox — VALID VALID VALID 
pee Vere COX our) © ran DATA-OUT OOX DATA-OUT 


torp ; 
= A aA ‘i 
—¥ t 


ADDRESS 


Via = C6; 
Vu — WY tasr tran = ae “sa tasc aaa 
\ YY 
EOS i Gis CE i Ce Bee HOD 
47] XYX) 


DQ>-DQi6 


* Rx pATAOuT PRX 


texz 


pial ea oe 

trac 

Vou — Ry 7 VALID VALID a VALID “f 
DATA-OUT Ab DATA-OUT 


es e 
a= Rp 


ON XXX 


pe ok 


LEK 


torr 


Ky 
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KM416V1200A/A-L/A-F oe CMOS DRAM 


TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 


trasp tap 


Vin 
RAS me 
Vit — 


aa 
cP cP 
-WwW - tcas 
x) é 


nae 
-_ a rs 
ee Viw— HE toas 
(CAS Wy Se pie 
tasr == 
Vin OX =n ep Bl a Ge XD xe 4 Sees Izy XK 
AV OD ee nopress DX athe ADDRESS cree te De 


OO ae ia 


: mt be ar mae 
tom ——4 asa town. |= = 
FRR RR anne RN 


tou 


come RO SE ONE HOE, TIN 


tour 


FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE) 
taage So tre 


Vn — VY bas \ tcas tcas tcas 
Hees Vit — CF ese eee Epie 
tasr 
Vin — PVAY xX = 
a XX xXy Soes ADDRESS a xx OR appaeee! st 


DRESS yee a= Ks =D 
Vin — 
EEE im ie an cone Corr] to eee x 


a 


== 


Ww 
Htom——| Fm taw. tom. Iq 
OE ORK = RON —— 
0106 SSSI, atin DESO, ontarnn DRO oataann DRS 


tour 


VY 


OR Da RII CII 
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KM416V1200A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS (Continued) 
FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 


trasp” 


Vin — t Somes | 
RAS Ve = AR 
gases = fh>-———— trco N a top oe tcp 
=e EEA 
cn My 
(CAS x ir = tosu 
Vu — VY __ eg 2 Ee gp ok ee OK VYVYVY 
5 ST BRT EO RE POD 
v1 SRR TT ST RIOR 
tow. = = tow. ate 
== Vin —- YY VVV VV VY YY YU V YP VV VY VV I IV YY WIV V9 I IIVVV 
MMLC 


tow 
cacon RTT Se MORN HON DEIN 
tour 


FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE 4k 
trasp —| ; 


Vin — tar - 


Vie = 


= teprwe — trsH 
= b=— taco — tcp 
CK Vin — OO, i tcas i toas V / 
Vit — OY) tose t : 
fe ‘ek meet tprwc ro = trash =] 
V — VF, _ —_ 
[CAS - * YY ince ig =a < J / 
7 tasr tray 
A Vin = YOON ROW ' COLUMN XK Y XX ») Coma OXXXXKX 
Vi ~ XXX PAL ADD ADDRESS ADDRESS 


X ROOK 


P= 


a 
n 


twp 


ROKK 
i OOOO 


Vin 
Vii 


S| 


be tar 


trac 
tcac 


; Vion — .» G 
sss on” KIO 


teiz 


— tox 

) GO YYY YY YY 
BH PP ROCKO 
VALID DATA-OUT VALID DATA-IN ae POE ALAOL SNA Dos 
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KM416V1200A/A-L/A-F . CMOS DRAM 


TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 


trasp tre 


RAS IH tar 
Ve— torp 


7 _— 


torp 

om BY i= ane fi Z 
—-fY Eel ak iam YY \/ vO J oan a |p = 
ve RO B38 PX eons PRK OOOM, seanesS POOKIE 


wx xy N 
Vin ee 0 
Poa 


tewo al tewo oi 
ai te zB 
| 


Vie toea 
. eal ST ee: Sif 
Vit a Hsbece “| _ 
oe i : ie 
fie tou 
tcac 
Da,-Da, YN" Ox) 48) tS Ot OX XXKX XK XK 


trap H 


=| 


WY O 
Viiot y ROD A 
toiz teiz 
eee VALID DATA-OUT VALID DATA-IN VALID DATA-OUT VALID DATA-IN 
OH 
Vicor — 


FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE 


' tre 
RASP 
Via — = — 


RAS tosH ——— tasH 
Vii torp 
- AS 
iH —~ VO 
vos OY N UJ 
Es || 
roms iN XY 
Vi tasr tran tasc toaH tow. tasc | tcan ow 
Vn RAPF-HOW AP OLR ARI SSL RRR 
my OOK, 88) DX Roprets ROCGUOOON, sBoness PRON 
x = ai = 
_ Vin VOOOCOS 4. 
7 RT | 
fe] 
ree 
Vi — & 
oy toa EY =a 
PaEeGe re = ea is oar tos 
[7 frac ma ail 
E tox 
, Vion — : KY ¢ < TYVVVVy 
sons Ye 86360 OC OCR 
teiz ; LZ 
: VALID DATA-OUT VALID DATA-IN VALID DATA-OUT VALID DATA-iN 
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KM416V1200A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS (Continued) 


RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don’t Care 


tac 


tras - trp 
pag YN 
tore trec tcrp 
ey, wy, 
UCAS y _ 


tcrp trec torp 


os wy, 
Vi — 


tasr tray 


ve CONE asirlas HORROR IG 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 


tac 


tras 


KS Vin — 
Med trec 
top 
tcsr ie 
Vin — VVYVYVVV VV VY YY YY VV YY VY 
UORS | ARR KEK KEK 
tcp 
tour WWIII IVY VV 
CS LEK KK 
DQ-Da., YT OPEN 
Vo. — 


KY DON’T CARE 


ELECTRONICS 


KM416V1200A/A-L/A-F CMOS DRAM. 


TIMING DIAGRAMS (Continued) _ 
HIDDEN REFRESH CYCLE (READ) 


tre tac 


tras tre tras trp 
tar 
RAS vy, _ 
Vin y tour 
UORS N Y__/ 
{= 
Vin — y | 
TODS * auia: N J__/ 
cae 


tasr 


fen e ted 
1 BN ae KN AS NRL IIIONT IRIN 
wv BERRRRRWY i SNL NN NOUN NNNN 
taa torr 
Ht TROL PIO NMCONNt 
carta Yom a. <= 


HIDDEN REFRESH CYCLE (WRITE) 


tras tap tras tre 
_ Va— t 
RAS we 
Vii — 
‘cre i 


UCAS y 
it —- 


Vin — tour 
LCAS Vii — i 


tasr 


toan 


-/yYyyY al Xx — YY YY ¥ ¥ YY VY YY VY VY VY VV OY YY VY VY 
eee ee eT ee SSSI KKK 
View — YYVVVVVV YY Xv sil PVA IYVWYVYWVYV VV ¥ YY VY VY YY VY VY 

XK TY ARAKI 


LL 


=| 


Vii— YAAA 


= | FES TO Oe 


Vi — YAAA AALALBLA AALBSAABA A&A 
Vou — AVY YYVVV WAV AV Wi YIVVV vi 
Dar Dae So ORK, _ vaio paren DQ KKK KN 


tour 
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TIMING DIAGRAMS (Continued) 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE ~ 


Vin tras 
Vir — 


my) 
n 


tept 


CMOS DRAM 


trsH 


tesr 
Vin — : 


a Gl 


tesr 
Vin as 
Vi — 


tasc 


tcas 


d 
az, 
==, 


Vin— YVYYVYY YY YVYYYYYYYYSY VV —— a VAVAVAVAVAVAVAV AV AVA AVA AACA AAW 
Be RD) cos) RYO 


READ CYCLE = 
© RY 


n ncuomeenan ES 


L\Z\ DLS 


Vou — 

DA:DAe 
WRITE CYCLE a 
Vin — YY YVIVYYVYVYYVYVYY YYYYVYyy ae 
rie III 


ce 


Vit AAAAALAALAL A LA 


W 


DS 


Vou 
DQ,-DQi¢ 
Vo. 


READ-MODIFY-WRITE 
Fe RRR 
Vin — 
OE Vit — 


toiz 
Vion — 

DQ,-DQi6 
Vio. — 


‘ie 
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a yd 
———— ee) 


+ tary 
eae 


ed 
BE OK 


J be er 
OH _vanomon 


AXE KK KAKO 


twe 


RXR ANE 


i tow. 


twe 
te XXX 
taa 
ah to . 


rat et OSYYYYYY 
OS PAD PROC 


VALID DATA-IN : 


on) DON’T CARE 


VALID DATA-OUT 
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KM416V1200A/A-L/A-F | CMOS DRAM 


PACKAGE DIMENSION 
42-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


1.070 (27.18) 0.025 (0.64) 
MIN 


1.080 (27.43) 


i 


0.395(10.03) 
0.405(10.29) 
0.435(11.05) 
 0.445(11.30) 
0.008(0.20) ; 
0.012(0.30) 
0.365(9.27) 
0.375(9.53) 


0.130(3.30) 
0.140(3.56) 


Glaccao) 


0.040 (1.02) 
MAX 


44-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


26(23) ak oS. 
UU 


0.455(1 1.56) 
0.471(11.96) 
0.400(10.16) 


0.016(0.40) 
0.024(0.60) 


0.004(0.10) | 
0.010(0.25) 


0.047(1.20) 


Aleccwe-| 


0.036(0.925) | | 


0.00 MIN 


ELECTRONICS 


0.010(0.34) | | 0.031(0.80) 
0.018(0.36) : 


KM416V1004A/A-L/A-F 


CMOS DRAM 


1M x 16 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


¢ Performance range: 


KM416V1004A-6/A-L6/A-F6 
KM416V1004A-7/A-L7/A-F7 
KM416V1004A-8/A-L8/A-F8 


stn [as | it] | 
rn [aos [tie | 
etn [as [tn | is | 


° Extended Data Out Mode 
(Fast Page Mode with Extended Data Out) 
» 2 CAS Byte/Word Read/Write operation 
« CAS-before-RAS refresh capability 
’« RAS-only and Hidden Refresh capability 
¢ TTL compatible inputs and outputs 
* Early write or output enable controlled write 
_¢ Triple +3.3V+0.3V power supply 
¢ Refresh Cycle 
- 4096 cycle/64ms (Normal) 
- 4096 cycle/128ms (L-version) 
~ 4096 cycle/128ms (F-version) 
+ JEDEC standard pinout 
* Available in plastic SOJ and TSOP(II) packages 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


VBB Generator 


GENERAL DESCRIPTION 


The Samsung KM416V1004A/A-L/A-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers. 


The KM416V1004A/A-L/A-F features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416V1004A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 


= 
| fownsres ber] 


Ao~A11 


A0~A7 


Memory Array 
1,048,576 x 16 


Column Decoder 


Lower 
Data out 
Buffer 


Cells 


Upper 
Data out 
Buffer 


Sense Amps & IO 
=a 


él 
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KM416V1004A/AL/ALL/ASL 


CMOS DRAM 


PIN CONFIGURATION (top views) 


* KM416V1004AJ_ « KM416V1004AT 


oO 
° 


Vop 
DQ 
DQe 
DQs 
DQ4 
Vop 
DQs 
DQe 


ON On bw ns 


ie} 
QO 
2) 
Co) 


1 
2 
3 
4 
5 
6 

0 
8 
9 
1 
1 


+ Oo 


10 
11 
12 


= 

- 
z 
io) 


(TSOP(II)-Forword) 


Tes [Gens 
UCAS | uae coe ne Ss 
[Ets [Lower Cotann Adress tobe 
cc a 
veo 
cnc 


9) B| 


Power(+3. av 


* KM416V1004AR 


=O 90D ONOO FWD 


1 
1 


(TSOP(II)-Reverse) 


a 
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KM416V1004A/A-L/A-F CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS* 


Parameter 


Voltage on Any Pin Relative to Vss [ VIN, VOUT -0.5 to 4.6 
Voltage on Vpp Supply Relative to Vss Vop -0.5 to 4.6 V 
Storage Temperature Tstg -55 to+150 “C 


Power Dissipation Pb 1 


Short Circuit Output Current 50 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


los 


* 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=0 to 70°C) 


Supply Voltage 


Ground 


Vpp+0.3 
0.8 


Input High Voltage 


Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


KM416V1004A-6/A-L6/A-F6 


Operating Ci Current* 
; KM416V1004A-7/A-L7/A-F7 
(RAS, UCAS or LCAS, Address Cycling @trc=min.) KM416V1004A-8/A-L8/A-F8 mA 
KM416V1004A mA 
ISLC TC 5S-Wev KM416V1004AL mA 
~ ~ pie KM416V1004ALL mA 
she KM416V1004A-6/A-L6/A-F6 mA 
RAS-Only Refresh Current* 
Aa OSTA —— ; ; KM416V1004A-7/A-L7/A-F7 Icc3 mA 
(UCAS=LCAS=ViH, RAS, Address Cycling @trc=min.) KM416V1004A-8/A-L.8/A-F8 70 rn 
KM416V1004A-6/A-L6/A-F6 110 r mA 
EDO Mode Current* : 
pane on KM416V1004A-7/A-L7/A-F7 - 100 mA 
| S=M UCAS or LCAS, Address uycing @tPc=min.) KM416V1004A-8/A-L8/A-F8 90 aA 
KM416V1004A 1 mA 
Standby Current 
RAS- -TCAS-W_Vnn- KM416V1004AL - 300 LA 
(RAS=UCAS=LCAS=W=Vpp-0.2V) KM416V1004ALL 200 uA 
CAS-Before-RAS Refresh Current* eee oneal tte 20 es 
(RAS, UCAS or LCAS Cycling @trc=min) KM416V1004A-7/A-L7/A-F7 - 80 mA 
sacle acl aac a KM416V1004A-8/A-L8/A-F8 70 | mA 
Battery Back-Up Current, Average Power Supply Current, 
Battery Back-Up Mode, Input High Voltage(ViH)=Vpp-0.2V, 
input Low Voltage(ViL}=0.2V KM416V1004A-L 


UCAS, LCAS=0.2V 
Din=Don't Care, tRc=31.25ys (L_-Version) 
tras=tras min~300ns 


ELECTRONICS 


DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


| Symbot| Min | Max | Units 
Self Refresh Current 
His-U Che host KM416V1004A-F lecs 250 | HA 
DQ1-DQ16=Vpp-0.2V or 0.2V or Open 
Input Leakage Current le) -10 10 uA 
(Any input 0<Vin <Vop+0.3V, all other pins not under test=0 V) 
-10 

Output High Voltage Level. (loH=-2mA) : | Vow | 24] - | Vv 
Output Low Voltage Level (lo=2mA) VoL | - | od | V 

the output open. Icc is specified as an average current. In Icci and Icc3, address can be changed maximum 

once while RAS=VIL. In ccs, Address can be changed maximum once while one Hyper page mode cycle time 


W=0E=Ao-A11=Vpp-0.2V or 0.2V a 
Output Leakage Current low) 10 uA 
(Data out is disabled, OV< Vout <Vop) 
| *NOTE: Icc1, Icc3, Icca and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
tHPC. 


CAPACITANCE (Ta=25°C, Vop=3.3V. f=1MHz) 


Parameter Simbor [in [Max [Unit] 
Input Capacitance (Ao~11) ee ee ee 
Input Capacitance (RAS, CCAS, UCAS, W, OE) ee ee es ee 
Output Capacitance (DQ1~DQie) . zn ee ee ae pF 


AC CHARACTERISTICS (0°c<Ta<70°C, Vop=3.3V+0.3V, See notes 1,2) 
(Test condition : ViH/ViL=2.1V/0.8V, VoH/VoL=2.0V/0.8V, Output Loading CL=100pF) 


Parameter 


2 
3 
> 
Sg 


Random read or write cycle time 
Read-modify-write cycle time 

Access time from RAS 

Access time from CAS 

Access time from column address 
CAS to output in Low-Z 

OE to output in Low-Z 

Output buffer turn-off delay from CAS 


os toe lo lo 
9 =e] =e] 


Ss 
N 


Ss. 
RN 


Transition time (rise and fall) 


RAS precharge time aaa a 
RAS pulse width . 


onal co oo Comal 
3 gs iatis 


RAS hold time | , 


CAS hold time tCSH 
CAS pulse width - | teas 


RAS to CAS delay time 


fe) 
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AC CHARACTERISTICS (Continued) 


s 
2 

‘ 
: 


on 


RAS to column address delay time | tran | 
CAS to RAS precharge time 


cc 


Row address set-up time 
Row address hold time | tran 


Column address set-up time 


+ 
on 
b 
Len) 
p=] 

wn 

=— 


= 

oO 
= 
a 


wo lp fa ae = 
oO;]n | oO oO o;n 


oO 


o}— wo ha s]— = _ 
oOo }n oy | oO oO on 


_ 


Write command pulse width 


Write command to RAS lead time 


Writé command to CAS lead time tow. | 40 | 
Data-in set-up time | tos | 0) 


Data-in hold time 


= {|/oa 
oa) 


= 
a 


i 
or on 
_s 
foe} 


| 
Column address hold time | a5{ | ns | 15 
Column address hold time referenced to RAS | ns | 6 | 
Column address to RAS lead time tRAL | of [nsf | 
Read command set-up time He Per. = lone |e 
Read command hold time referenced to CAS tRCH | of [ns] 9. 
Read command hold time referenced to RAS | tran | 0 | a ee ee ee 
Write command set-up time twcs zz | oo] sn | 
Write command hold time twWCH | a5] | ns | 
Write command hold time referenced to RAS | 5s} | sons | 


_s 
oOo 
Lye} 
— 


— 
oa 
= 
oO 
= 
=] 
ho 
= 


| Data-in hold time referenced to RAS 


| 60 
64] 
128] | 


Refresh period (Normal) 


a= 

NO 1D 

ols 
(oa) 
a 

poe 

nN 1D 

oR 

313 {5 

A Hn | 
(o>) 


Refresh period (L-version) 


Refresh period (F-version) 
CAS to W delay time. 
RAS to W delay time 


Column address to W delay time 


CAS precharge to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS precharge to CAS hold time 

CAS precharge time (C-B-R counter test cycle) 
RAS hold time referenced to OE 

OE access time 

OE to data delay 

Output buffer turn off delay time from OE 


OE command hold time tOEH 15 20 
Access time from CAS precharge | tCPA ee) 45) ns 3 
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AC CHARACTERISTICS (Continued) 


-6 -7 -8 
Parameter Symbol 

Hyper Page mode cycle time tHPC 24 — 29 | | 34 fey 
Hyper Page mode read-modify-write cycle time tHpRwC | 76 81 | | 91 
CAS precharge time (Hyper page mode) tcp 10 10 — ns 16 
RAS pulse width (Hyper Page mode) tRASP 60 70 80 ns 

| RAS hold time from CAS precharge | tRHCP | 35 45 ns 
Output data hold time {DOH | ae il 5 ns 
Output buffer turn off delay from RAS tREZ 15 3 20 3 20] ns 7,14 
Output buffer turn off delay from WwW twez 3 15 3 20 3. 20; ns 7 
OE to CAS hold time tocH 5 5 ns 
CAS hold time to OE | tcHO 5 5 ns 
OE precharge time : toeP 5 5 ns 
W pulse width 5 5 ns 
W to data delay . 15 20 20 ns 
RAS pulse width (F-ver) | taass| 100] . | 100 100 ws | 13 
RAS precharge time (F-ver) taps | 110] | 130 150 ns 13 
CAS hlod time (F-ver) | so{ | -sof | 80 ns | 13 


DQ:1~DQs 


DQo~DQi6 STATE 


DQ-IN Word Write 


HI-Z 


H X X X HI-Z HI-Z Standby 

L H H x HI-Z HI-Z Refresh 

L L H L . DQ-OUT HI-Z ' Lower Byte Read 
L H 5 L HI-Z DQ-OUT Upper Byte Read 
L L L L DQ-OUT DQ-OUT Word Read 

L L H H DQ-IN Don't Care Lower Byte Write 
L H ole H- Don't Care Upper Byte Write 
L L L H 

L L L H 
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CMOS DRAM 


NOTES 


1. 


ph 


An initial pause of 200us is required after power-up 


followed by any 8 ROR or CBR cycles before proper 


device operation is achieved. 


. VIH(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 

Measured with a load equivalent to 1TTL Loads 
and 100pF. 


. Operation within the tRcp(max) limit insures that 


trRac(max) can be met. tRcp(max) is specified as a 
reference point only. If tacb is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 

Assumes that tRcbd >tRCD (max). 

tar, twcr, tbHR are referenced to tRaD(max). 

This parameter defines the time at which the 


‘output achieves the open circuit condition and is 


not referenced to VoH or VoL. 


. twcs, tRwbD, tcwD and tawpD are-non restrictive 


Operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs 
>twes(min) the cycle is an early write cycle and 
the data output will remain high impedance for the 
duration of the cycle. If tcwo >tcwp(min), tRwo > 
trwp(min) and tawp >tawo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. 


lal: 


12. 


13 


14. 


15. 


16. 


17. 


18. 


"49. 


20. 


21. 


. These parameters are referenced to the CAS 


leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the tRaD(max) limit insures that 
tRac(max) can be met. tRAD(max) is specified as a 
reference point only. If trap is greater than the 
specified traD(max) limit, then access time is 
controlled by taa. 

tasc >tcp min, Assume tT=2.0ns. 


. 4096 cycle of burst refresh must be executed 


within 16ms before and after self refresh, in order 
to meet refresh specification (F-version) 

If RAS goes to high before CAS high going, the 
open circuit condition of the output is achieved by 
CAS high going. If CAS goes to high before RAS 
high going, the open circuit condition of the output 
is achieved by RAS high going. 

tasc, tCAH are referenced to the earlier CAS falling 
edge. 

tcp is specified from the last CAS rising edge in the 
previous cycle to the first CAS falling edge in the 
next cycle. 

two is referenced to the later CAS falling edge at 
word read-modify-write cycle. 

tcw is specified from W falling edge to the earlier 
CAS rising edge. 
tcsr is referenced to earlier CAS falling low before 
RAS transition low. 

tcHR is referenced to the later CAS rising high after 
RAS transition low. 

tos, tbH is independetly specified for lower byte Din 
(1~8), upper byte Din@g~16) 
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TIMING DIAGRAM 
LOWER BYTE READ CYCLE 
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TIMING DIAGRAM > 
UPPER BYTE READ CYCLE 
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CMOS DRAM __ 


WORD WRITE CYCLE (EARLY WRITE ) 
NOTE : Dour= OPEN 
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.UPPER BYTE WRITE CYCLE (EARLY WRITE ) 
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WORD WRITE CYCLE (OE « CONTROLLED ae 
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LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : Dour = OPEN 
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UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : Dour = OPEN 


pai ~pas VH 
Vit 


pag ~ baie VK - 
Vir - 


sie 


ELECTRONICS 


i) x 
ess KZ a a 


"* GMA... | 
@ YYMME@J@ ME@@JEXZ@] ql 


WY) oe MQ t'innnnnnnnnjyyy 
Don't Care 


-KM416V1004A/A-L/A-F CMOS DRAM 


WORD READ - MODIFY-WRITE CYCLE 
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LOWER-BYTE READ - MODIFY - WRITE CYCLE 
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UPPER-BYTE READ - MODIFY -WRITE CYCLE 
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HYPER PAGE MODE UPPER BYTE READ CYCLE 
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RAS-ONLY REFRESH CYCLE 
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PACKAGE DIMENSION 
42-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.025 (0.64) 
MIN 


1.070 (27.18) 
1.080 (27.43) 
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44-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 
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KM416V1204A/A-L/A-F 


CMOS DRAM 


7M x 16 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


* Performance range: 


P| trac | tone | tre | tree | 
KM416V1204A-6/A-L6/A-F6 | 60ns | 17ns | 110ns| 24ns | 
KMA16V12044-7/A-L7/A-F7 | 7Ons | 20ns | 130ns | 29ns | 
KM416V1204A-B/A-L8/A-F8 | 80ns | 20ns | 150ns| 34ns 


« Extended Data Out Mode 
(Fast page Mode with Extended Data Out) 
+ 2 CAS Byte/Word Read/Write operation 
« CAS-before-RAS refresh capability 
« RAS-only and Hidden Refresh capability 
¢ TTL compatible inputs and outputs 
¢ Early write or output enable controlled write 
* Triple +3.3V+0.3V power supply 
« Refresh Cycle 
- 1024 cycle/16ms (Normal) | 
- 1024 cycle/128ms (L-version) 
- 1024 cycle/128ms (F-version) 
¢ JEDEC standard pinout 
* Available in plastic SOJ and TSOP(II) packages 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks - 


Refresh Control 
Refresh Counter 
| .] Row Address Buffer 


Col. Address Buffer 


Ao~AQ 


Ao~AQ 


VBB Generator 


- VoD 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM416V1204A/A-L/A-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers. 


The KM416V1204A/A-L/A-F features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an — 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416V1204A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 


DQi 
to 
Lower vue 
Data out 
eT | Buffer 
.@) a 
B OE 
Memory Array Q A 
1,048,576 x 16 £ 
Cells es iy DQ: 
B 9 
® to 
2 i Upper DQi6 
Data out 
Buffer 


nd 


ELECTRONICS 


1190 


KM416V1204A/A-L/A-F 


CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM416V1204AJ 


° 


¢ KM416V1204AT 


 KM416V1204AR 


1 Vop 1 ° 44 Vss 1 VDD 
2 DQ 2 DQi6 2 DQ 
3 DQ2 3 DQis 3 DQe2 
4 DQs 4 DQu4 4 DQs3 
5 DQs4 5 DQi3 5 DQ4 
6 Vop 6 Vss 6 Voo 
DQs 7 DQi2 7 DQs 
7 DQs> 1] 8 DQ 8 I DQ. 
6 DQ7 14] 9 DQr0 9 Em bar 
9 DQs 10 DQo 10 DQs 
10 N.C. 11 N.C. 1t N.C. 
11 
12 
N.C. N.C. N.C. 
N.C. LCAS N.C. 
WwW UCAS Ww 
RAS OE RAS 
N.C Ag N.C 
N.C As N.C 
Ao Az Ao 
Ai Aé Al 
A2 As A2 
A3 A4 A3 
Vpp | Vss VDD 
(SOu) 
(TSOP(II)-Forword) (TSOP(I!)-Reverse) 
Pin Function 
Address Inputs 
Data In/Out 
oe 
Row Address Strobe 
| UCAS | Upper Column Address Strobe 
| CCAS | Lower Column Address Strobe 
|w Read/Write Input 
| OE Data Output Enable 
| Voo | Power(+3.30) 
LNc. | Noconnection 
1191 
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KM416V1204A/A-L/A-F CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS* 


(Parameter «Yb «SSC 


Voltage on Any Pin Relative to Vss VIN, VOUT -0.5 to 4.6 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


Voltage on Vpp Supply Relative to Vss 


Storage Temperature 
Power Dissipation 
Short Circuit Output Current 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Parameter 
Supply Voltage 
Ground 
Input High Voltage 


Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Operating Current” KM416V1204A-6/A-L6/A-F6 150 mA 

aR ORES . : KM416V1204A-7/A-L7/A-F7 Icc1 - 140 mA 

(RAS, UCAS or LCAS, Address Cycling @trc=min.) KM416V1204A-8/A-L8/A-F8 430 ane 
KM416V1204A 2 mA 1 

Standby Current 

ee TA TARE UT KM416V1204A-L Icc2 - 1 mA 

hapa en mii KM416V1204A-F 1 | mA 

BAG KM416V1204A-6/A-L6/A-F6 150 mA 

RAS-Only Refresh Current* 

——— a . . KM416V1204A-7/A-L7/A-F7 Icc3 - 140 mA 

(UCAS=LCAS=Vin, RAS, Address Cycling @trc=min.) KM416V'1204A-8/A-L8/A-E8 130 rnd 
KM416V1204A-6/A-L6/A-F6 120 mA 

EDO Mode Current* 

— oR ae ; : KM416V1204A-7/A-L7/A-F7 110 mA 

(RAS=ViL, UCAS or LCAS, Address Cycling @tec=min.) KM416V1204A-8/A-L8/A-F8 400 ak 
KM416V1204A 1 mA 

Standby Current 

EE 3 a. KM416V1204A-L 300 LA 

(RAS=UCAS=LCAS=W=Vop-0.2V) KM416V1204A-F 500 un 

ARE we 4 KM416V1204A-6/A-L6/A-F6 150 mA 

BS GONG ow LHS Cre ae ’ KM416V1204A-7/A-L7/A-F7 | — Icce 140 | mA 

: Pea eae KM416V1204A-8/A-L8/A-F8 130 | mA 
L 

Battery Back-Up Current, Average Power Supply Current, 

Battery Back-Up Mode, Input High Voltage(Vin)}=Vop-0.2V, 

Input Low Voltage(Vit)=0.2V KM416V1204A-L Icc7 350 HA 

UCAS, CCAS=0.2V 


Din=Don't Care, trc=125us (L-Ver) 
tRAS=tRAS min~300ns 
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DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol | Min | Max | Units 


Self Refresh Current 
RAS-=UCAS=LCAS=0.2V 
W=0E=A0-Ag=Vpp-0.2V or 0.2V 
DQ1-DQ16=Vop-0.2V or 0.2V or Open 


KM416V1204A-F 


Input Leakage Current 
(Any input 0<Vin <Vo0+0.3Y, all other pins not under test=0 V) 


Output Leakage Current | 
(Data out is disabled, OV<VouT<Vpp) ; 


Output High Voltage Level (loH=-2mA) 


Output Low Voltage Level (loL=2mA) 


“NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
once while RAS=ViL. In Icc4, Address can be changed maximum once while one Hyper page mode cycle time 
tHPC. 


CAPACITANCE (1a=25°C, Voo=3.3V. f=1MHz) 


Output Capacitance (DQ1~DQié6) 


AC CHARACTERISTICS (°c<ta<70°C, Von=3.3V+0.3V, See notes 1,2) 
(Test condition : Vin/ViLt=2.1V/0.8V, VoH/VoL=2.0V/0.8V, Output Loading CL=100pF) 


Parameter 


Random read or write cycle time 


Read-modify-write cycle time 


Access time from RAS 80] ns | 3,4,11 
20 ns 3,4,5 


40; ns | 311 | 


Access time from CAS 


Access time from column address 


CAS to output in Low-Z ns 3 

OE to output in Low-Z ns 3 | 
Output buffer turn-off delay from CAS 20] ns 7,14 
Transition time (rise and fall) 50] ns 2 
RAS precharge time as 

RAS pulse width 10,000 ; 10,000} ns 

RAS hold time = ns 

CAS hold time ns 

CAS pulse width 10,000 10,000 | ns 


RAS to CAS delay time 60 4 
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AC CHARACTERISTICS (Continuea) 


ee sms a [ww [wa] n° 
RAS to column address delay time | tao | 15{ 30 15; 35] 15| 40| ns | a1 | 
CAS to RAS precharge time fee | s| | si} | si ts | 
Row address set-up time fuse | of | of | of rs | 
Row address hold time lta | tof | tof | 10 | ns | | 
Column address set-up time lsc | of | of | of fons | 15 | 
Column address hold time tCAH | to] =| ts} Ss] ts] dos | ts 
Column address hold time referenced to RAS }tra | 45{ | 55} | oo] | om] 6 | 
Column address to RAS lead time tRAL | 30] | 35f | al [oa] | 
Read command set-up time tRCS a a es ee ae ee 
Read command hold time referenced to CAS | tas | of | of | of | om] 9 | 
Read command hold time referenced to RAS tRRH ae Er Saree 


Write command set-up time twcs | of | of | of [os] s | 
Write command hold time twcH | 1] | 5) | wl Jorn] | 
Write command hold time referenced to RAS twcr | a5{ | soi | s5| [ns | 6 | 
Write command pulse width ‘we | tol | asf [| a5) [os] | 
Write command to RAS lead time | tm | 15] | ts] | aol fn] | 
Write command to CAS lead time tow. ae ed 
Data-in set-up time fs | of | of | of ns | toa | 
Data-in hold time tw | tof | sf | | ns | t0.21 | 
Data-in hold time referenced to RAS a eee 
Refresh period (Normal) tREF | te] | te] ms | 
Refresh period (L-version) tREF oe Pars ms P| 
Refresh period (F-version) tREF 128| ms | | 

| ns | 8.7 | 


CAS to W delay time tcwp 


RAS to W delay time re) 105 ie 


Column address to W delay time 65 fe 
_| CAS precharge to W delay time tcPwD | 60. 65 70 | | 
. 10 


CAS set-up time (CAS-before-RAS refresh) tcsR 


CAS hold time (CAS-before-RAS refresh) a ee ee ee 
RAS precharge to CAS hold time we o5| | nm] | 
CAS precharge time (C-B-R counter test cycle) tcPT 20 30 | of ns | 
RAS hold time referenced to OE 20 

OE access time ftom | | 5] | oa 
OE to data delay ee oe) hal a 
Output buffer turn off delay time from OE tOEz 


OE commend hold time ftom | 15] | 2of | zo] 
Access time from CAS precharge ton | | sf S| aot || 


ELECTRONICS 


KM416V1204A/A-L/A-F CMOS DRAM 


AC CHARACTERISTICS (Continued) 


pie TL 


[Hyper Pagemadecycletime =| tro | 24] | zo] | | | os | 2 
Hyper Page mode read-modiy-wrte cycietime | tec] 76| | ai| | 9t| | 
[CAS orcgargetime (Hyper page mode) | tow | 10) | 10] | tof ns 
| 60 200000 | 70 | 200000 0 200.000] ns _| 
| 35| 
(a ea 


RHC! 


—_ | —, 
nlo 
oOo j;O on 


-50 


—_ | 
@olo 
oOo |o ao 


[se _[_par-bGe | por-0oe | sere] 
x] we |e) Stanaty | 
ee 
re 
[nz [0.007 | nner Byte Rees | 
ares 
=< 
arse 


LCAS 


[pow [ont care | Lower ate we | 
[Bont cae | _0G-N | Upper Byte we | 
ee 
ee ie 


rm 


| oH | DON 
pH fn 
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CMOS DRAM 


NOTES 


1. 


NOG 


An initial pause of 200#s is required after power-up 


followed by any 8 ROR or CBR cycles before proper 


device operation is achieved. 


. Vin(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 

Measured with a load equivalent to 1TTL Loads 
and 100pF. 


. Operation within the trcp(max) limit insures that 


tRac(max) can be met. trcp(max) is specified as a 
reference point only. If tacp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 

Assumes that trcp >trRcb (max). 

tar, twcR, tbHR are referenced to tRap(max). 

This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to Vou or VoL. 


. twcs, tRwD, tcwpd and tawop are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), tRwo> 
trwo(min) and tawp>tawp(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 


10 


11. 


12. 
13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max) limit insures that 
trac(max) can be met. trRaD(max) is specified as a 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 

tasc >tcp min, Assume tT=2.0ns. 

1024 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification (F-version) 

If RAS goes to high before CAS high going, the 
open circuit condition of the output is achieved by 
CAS high going. If CAS goes to high before RAS 
high going, the open circuit condition of the output 
is achieved by RAS high going. 

tasc, tcAH are referenced to the earlier CAS falling 
edge. 

tcp is specified from the last CAS rising edge in the 
previous cycle to the first CAS falling edge in the 
next cycle. 

tcwp is referenced to the later CAS falling edge at 
word read-modify-write cycle. 

tcwL is specified from W falling edge to the earlier 
CAS rising edge. 

tcsr is referenced to earlier CAS falling low before 
RAS transition low. 

tcHR is referenced to the later CAS rising high after 
RAS transition low. 

tos, toH is independetly specified for lower byte Din 
(1-8), upper byte Dinig~16) 
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TIMING DIAGRAM 
WORD READ CYCLE 
NOTE : Din = OPEN 
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TIMING DIAGRAM 
LOWER BYTE READ CYCLE 
NOTE : Din = OPEN 
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TIMING DIAGRAM 
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WORD WRITE CYCLE (EARLY WRITE ) 
NOTE : Dour = OPEN 
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LOWER BYTE WRITE CYCLE (EARLY WRITE ) 
NOTE : Dour = OPEN 
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UPPER BYTE WRITE CYCLE (EARLY WRITE ) 
NOTE : Dour = OPEN 
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WORD WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : Dour = OPEN 
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LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : Dour = OPEN 
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UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : Dour = OPEN 
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WORD READ - MODIFY - WRITE CYCLE 
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LOWER-BYTE READ - MODIFY - WRITE CYCLE 
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UPPER-BYTE READ - MODIFY-WRITE CYCLE 
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HYPER PAGE MODE WORD READ CYCLE 
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HYPER PAGE MODE LOWER BYTE READ CYCLE 
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HYPER PAGE MODE UPPER BYTE READ CYCLE 
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HYPER PAGE MODE WORD WRITE CYCLE (EARLY WRITE ) 
NOTE : Dour = Open . 
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HYPER PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE ) 
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HYPER PAGE MODE UPPER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : Dour = Open 
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KM416V1204A/A-L/A-F CMOS DRAM 
HYPER PAGE MODE WORD READ-MODIFY-WRITE CYCLE 
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~KM416V1204A/A-L/A-F CMOS DRAM 


HYPER PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE 
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KM416V1204A/A-L/A-F | CMOS DRAM 


HYPER PAGE MODE UPPER-BYTE-READ-MODIFY-WRITE CYCLE 
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KM416V1204A/A-L/A-F | | CMOS DRAM 
HYPER PAGE READ AND WRITE MIXED CYCLE 
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KM416V1204A/A-L/A-F CMOS DRAM 
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KM416V1204A/A-L/A-F | CMOS DRAM 
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KM416V1204A/A-L/A-F CMOS DRAM 
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KM416V1204A/A-L/A-F CMOS DRAM 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE | 
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PACKAGE DIMENSION 
42-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 
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KM48V8000 


ADVANCED 
CMOS DRAM 


8M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 


te ane [| 


KM48V8000-5 
KM48V8000-6 
KM48V8000-7 


¢ Fast Page Mode operation 

« CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

- Fast parallel test mode capability 

* TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

¢ 3.3V+0.3V power supply 

* 8192 cycles/128ms refresh 

« JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(II) packages. 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


Ves Generator 


GENERAL DESCRIPTION 


The Samsung KM48V8000 is a high speed CMOS 8, 
388,608 bit x 8 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as mainframes, mini computers, graphics and 
high performance portable computers. 


The KM48V8000 features Fast Page Mode operation 
which allows high speed random access of memory 
cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48V8000 is fabricated using Samsung's 
' advanced CMOS process 
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KM48V8004 


ADVANCED 
CMOS DRAM 


8M x 8 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


_¢ Performance range: 


KM48V8004-7 


+ Fast Page Mode operation with Extended data out 
« CAS-before-RAS refresh capability 

+ RAS-only and Hidden Refresh capability 

- Fast parallel test mode capability 

* TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

* 3.3V+0.3V power supply 

* 8192 cycles/128ms refresh 

« JEDEC standard pinout 

« Available in plastic SOJ and TSOP(II) packages. 
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GENERAL DESCRIPTION 


The Samsung KM48V8004 is a high speed CMOS 8, 
388,608 bit x 8 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as mainframes, minicomputers, graphics and high 
performance portable computers. 


The KM48V8004 features EDO Mode operation which 
allows high speed random access of memory cells 
within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48V8004 is fabricated using Samsung's 
advanced CMOS process. 
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KM48V8100 


ADVANCED 
CMOS DRAM 


8M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


- Performance range: 


KM48V8100-5 
KM48V81 00-6 
KM48V8100-7 


[strs [e | ots 


rns | ne | rs 


- Fast Page Mode operation 

- CAS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode capability 

¢ TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

¢ 3.3V+0.3V power supply 

* 4096 cycles/64ms refresh 

¢ JEDEC standard pinout 

« Available in plastic SOJ and TSOP(II) packages. 
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GENERAL DESCRIPTION 


The Samsung KM48V8100 is a high speed CMOS 8, 
388,608 bit x 8 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as mainfremes, minicomputers, graphics and high 
performance portable computers. 


The KM48V8100 features Fast Page Mode operation 
which allows high speed random access of memory 
cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48V8100 is fabricated using Samsung's 
advanced CMOS process. 
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KM48V8104 


ADVANCED 
CMOS DRAM 


8M x 8 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


* Performance range: 


KM48V8104-5 
KM48V8104-6 
KM48V8104-7 


rans | tm | Tim | 2s | 
[rons [70 | 1308 | 2 


« Fast Page Mode operation with Extended data out 
- CAS-before-RAS refresh capability 

* RAS only and Hidden Refresh capability 

’e Fast parallel test mode capability 

* TTL compatible inputs and outputs 

« Early write or output enable controlled write 

* 3.3V+0.3V power supply 

« 4096 cycles/64ms refresh | 

« JEDEC standard pinout 

¢ Available in plastic SOJ and TSOPi(II) packages. 
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GENERAL DESCRIPTION 


The Samsung KM48V8104 is a high speed CMOS 8, 
388,608 bit x 8 Dynamic Random Access Memory. lts 
design is optimized for high performance applications 
such as mainframes, minicomputers, graphics and high 
performance portable computers. 


The KM48V8104 features EDO Mode operation which 
allows high speed random access of memory cells 
within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48V8104 is fabricated using Samsung's 
advanced CMOS process. 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-U.S.A. 


Northwest 
3655 North First Street 
San Jose, CA 95134 
TEL: (408) 954-7000 
FAX: (408) 954-7883 


Southwest 


16253 Laguna Canyon Road 


Suite 100 

Irvine, CA 92718 
TEL: (714) 753-7530 
FAX: (714) 753-7544 


North Central 
300 Park Boulevard 


Suite 210 


ltasca, IL 60143-2636 
TEL: (708) 775-1050 


Northeast 
119 Russell Street 
Littleton, MA 01460 
TEL: (508) 486-0700 
FAX: (508) 486-8209 


FAX: (708) 775-1058 


South Central 
15851 Dallas Parkway 


Suite 410 


Dallas, TX 75248-3307 
TEL: (214) 770-7970 
FAX: (214) 770-7971 


Southeast 
802 Greenvalley Road 
Suite 204 
Greensboro, NC 27408 
TEL: (919) 370-1600 
FAX: (919) 370-1633 


SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


ALABAMA 


SOUTHERN COMPONENT SALES 


307 Clinton Ave. East 
Suite 413 
Huntsville, AL 35801 


ARIZONA 


O'DONNELL ASSOCIATES 
2432 W. Peoria Ave. 

Suite 1026 

Phoenix, AZ 85029 
O'DONNELL ASSOCIATES 


11449 N. Copper Springs Trail 


Tucson, AZ 85737 


CALIFORNIA 


BESTRONICS 

9683 Tierro Granda Street 
Suite 102 

San Diego, CA 92126 
I-SQUARED 

3355-1 Scott Blvd. 

Suite 102 

Santa Clara, CA 95054 
WESTAR REP COMPANY 
15265 Alton Parkway 

Suite 400 

Irvine, CA 92718 
WESTAR REP COMPANY 
26500 Agoura Rd. 

Suite 204 

Calabasas, CA 91302 


CANADA 


INTELATECH, INC. 

275 Michael Copeland Drive 
Kanata, Ontario K2M 2G2 
INTELATECH, INC. 

3700 Griffith Street 

Suite 93 


St. Laurent, Quebec H4T 1A7 


INTELATECH, INC. 


TEL: (205) 533-6500 
FAX: (205) 533-6578 


TEL: (602) 944-9542 
FAX: (602) 861-2615 


TEL: (602) 797-2047 
FAX: (602) 797-2047 


TEL: (619) 693-1111 
FAX: (619) 693-1963 


TEL: (408) 988-3400 
FAX: (408) 988-2079 


TEL: (714) 453-7900 
FAX: (714) 453-7930 


TEL: (818) 880-0594 
FAX: (818) 880-5013 


TEL: (613) 762-8014 
FAX: (613) 253-1370 


TEL: (514) 343-4877 
FAX: (514) 343-4355 


TEL: (905) 629-0082 


COLORADO 
FRONT RANGE MARKETING TEL: (303) 443-4780 
3100 Arapahoe Road FAX: (303) 447-0371 
Suite 404 
Boulder, CO 80303 

FLORIDA 
B/B TECH SALES 
3900 N.W. 79th Avenue 
Suite 636 
Miami, FL 33166 

_DYNE-A-MARK 
500 Winderley Place 
Suite 110 
Maitland, FL 32751 
DYNE-A-MARK 
3355 N.W. 55th Street 
Fort Lauderdale, FL 33309 
DYNE-A-MARK 
742 Penguin Ave., NE 
Palm Bay, FL 32905 


TEL: (305) 477-0341 
FAX: (308) 477-0343 


TEL: (407) 660-1661 
FAX: (407) 660-9407 


TEL: (305) 485-3500 
FAX: (305) 485-6555 


TEL: (407) 725-7470 
FAX: (407) 984-2718 


DYNE-A-MARK TEL: (813) 345-9411 
7884 Tent Avenue S FAX: (813) 345-3731 
St. Petersburg, FL 33707 

GEORGIA 


SOUTH ATLANTIC COMPONENT SALES 
3300 Holcomb Bridge Road TEL: (404) 447-6154 
Suite 210 FAX: (404) 447-6714 
Norcross, GA 30092 
ILLINOIS 
DAVIX INTERNATIONAI. LTD. 
1655 N. Arlington Heights Rd. 
Suite 204East 
Arlington Heights, iL 60004 
INDIANA 
GEN Il MARKETING, INC. 
31 E. Main Street 
Carmel, IN 46032 


TEL: (708) 259-5300 
FAX: (708) 259-5428 


TEL: (317) 848-3083 
FAX: (317) 848-1264 


GEN Il MARKETING, INC 
1415 Magnavox Way 


TEL: (219) 436-4485 
FAX: (219) 436-1977 


Suite 130 


5525 Orbitor Drive FAX: (905) 629-1795 


Suite 2 Ft. Wayne, IN 46804 
Mississauga, Ontario L4W4Y8 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES (Continued) 


IOWA 


ASSOCIATED ELECTRONIC MARKETERS, INC. 


4001 Shady Oak 
Marion, IA 52302 
KANSAS 


TEL: (319) 377-1129 
FAX: (319) 377-1539 


ASSOCIATED ELECTRONIC MARKETERS, INC. 


8843 Long St. 

Lenexa, KS 66215 
KENTUCKY 

GEN It MARKETING, INC. 

4012 Dupont Circle 

Suite 414 

Louisville, KY 40207 


MASSACHUSETTS 


NEW TECH SOLUTIONS, INC. 


111 South Bedford Street 

Suite 102 

Burlington, MA 01803 
MICHIGAN 

MICROTECH SALES 

9357 General Drive 

Suite 116 

Plymouth, MI 48170 
MINNESOTA 

GP SALES, INC. 

7600 Parklawn 

Suite 315 

Edina, MN 55435 
MISSOURI 


TEL: (913) 888-0022 
FAX: (913) 888-4848 


TEL: (502) 894-9903 
FAX: (502) 893-2435 


TEL: (617) 229-8888 
FAX: (617) 229-1614 


TEL: (313) 459-0200 
FAX: (313) 459-0232 


TEL: (612)831-2362 
FAX: (612) 831-2619 


ASSOCIATED ELECTRONIC MARKETERS, INC. 


11520 St. Charles Rock Rd. 


Suite 131 

Bridgeton, MO 63044 
NEW YORK 

NEPTUNE ELEC. 

255 Executive Dr. 

Suite 211 

Plainview, NY 11803 

T-SQUARED 

6170 Wynmoor Drive 

Cicero, NY 13039 

T-SQUARED 

7353 Victor-Pittsford Road 

Victor, NY 14564 

T-SQUARED 

1790 Pennsylvania Avenue 

Apalachin, NY 13732 
NORTH CAROLINA 


TEL: (314) 298-9900 
FAX: (314) 298-8660 


TEL: (516) 349-1600 
FAX: (516) 349-1343 


TEL: (315) 699-1559 
FAX: (315) 699-1705 


TEL: (716) 924-9101 
FAX: (716) 924-4946 


TEL: (607) 625-3983 
FAX: (607) 625-5294 


SOUTH ATLANTIC COMPONENT SALES 


§200 Park Road 
Suite 103 
Charlotte, NC 28209 


TEL: (704) 525-0510 
FAX: (704) 525-9714 


SOUTH ATLANTIC COMPONENT SALES 


4904 Waters Edge Drive 

Suite 268 

Raleigh, NC 27606 
OHIO 


TEL: (919) 859-9970 
FAX: (919) 859-9974 


J.N. BAILEY & ASSOCIATES — TEL: (513) 687-1325 


129 W. Main Street 
New Lebanon,OH 45345 


FAX: (513) 687-2930 


J.N. BAILEY & ASSOC.IATES TEL: (614) 262-7274 


3591 Milton Avenue 
Columbus, OH 43214 


psamsunig 


ELECTRONICS 


FAX: (614) 262-0384 


J.N. BAILEY & ASSOCIATES — TEL: (216) 273-3798 


1667 Devonshire Drive 

Brunswick,OH 44212 
OREGON 

ATMI 

4900 SW Griffith 

Suite 155 

Beaverton, OR 97005 
PENNSYLVANIA 


CMS SALES & MARKETING 


527 Plymouth Road 
Suite 420 


Plymouth Meeting, PA 19462 


PUERTO RICO 
DIGIT-TECH 
P.O. Box 1945 
Calle Cruz #2 
Bajos, San German 
Puerto Rico 00753 
TEXAS 
O'DONNEL ASSOCIATES 
5959 Gateway West 
Suite 558 
El Paso, TX 79925 
VIELOCK ASSOCIATES 
555 Republic Drive 
Suite 105 
Plano, TX 75074 
VIELOCK ASSOCIATES 
9430 Research Blvd. 
Echelon Bldg. 2, Suite 330 
Austin, TX 78759 
VIELOCK ASSOCIATES 
10700 Richmond Avenue 
Suite 108 
Houston, TX 77042 
UTAH 


FAX: (216) 225-1461 


TEL: (503) 643-8307 
FAX: (503) 643-4364 


TEL: (215) 834-6840 
FAX: (215) 834-6848 


TEL: (809) 892-4260 
FAX: (809) 892-3366 


TEL: (915) 778-2581 
FAX: (915) 778-6429 


TEL: (214) 881-1940 
FAX: (214) 423-8556 


TEL: (512) 345-8498 
FAX: (512) 346-4037 


TEL: (713) 974-3287 
FAX: (713) 974-3289 


FRONT RANGE MARKETING, INC. 


488 E. 6400 South 

Suite 280 

Murray, UT 84107 
WASHINGTON 

ATMI 

8521 154th Ave., NE 

Redmond,WA 98052 . 
WISCONSIN 


DAVIX INTERNATIONAL LTD. 
N91 W17194 Appleton Avenue 
Menomonee Falls, WI 53051 


TEL: (801) 288-2500 
FAX: (801) 288-2505 


TEL: (206) 869-7636 
FAX: (206) 869-9841 


TEL: (414) 255-1600 
FAX: (414) 255-1863 


1234 


SAMSUNG SEMICONDUCTOR SALES OFFICES-EUROPE 


SAMSUNG SEMICONDUCTOR MUENCHEN OFFICE MILANO OFFICE LONDON BIRMINGHAM OFFICE 
EUROPE GmbH Cari-Zeiss-Ring 9 Viale G. Matteotti, 26 Samsung House Florence House St. 
Am Unisyspark 1, D-85737 ismaning bei 1-20095 Cusano 225 Hook Rise South Mary's Road Hinckley, 
65843 Sulzbach (Germany) Muenchen Milanino Surbiton Leicestershire LE10 
TEL: 0049-6196-582-06 TEL: 0049-89-964838 TEL: 0039-2-66400181 Surrey 1EQ 
FAX: 0049-6196-750-345 FAX: 0049-89-964873 FAX: 0039-2-6192279 KT6 7LD TEL: 0044-455-891111 
TEL: 0044-81-3914550 FAX: 0044-455-612345 

PARIS OFFICE STOCKHOLM FAX: 0044-81-9742540 

Centre d'Affaires La OFFICE 

Boursidiere RN 186, Bat. Bergkaellavaegen 32 BARCELONA OFFICE BELGIUM OFFICE 

Bourgogne, BP 202 PO. Box 319 C. Provenza, 5193-1 Rue de Geneve 10, 

92357 Le Plessis-Robinson $-19130 Sollentuna E-08025 Barcelona B3 B-1140 Brussels 

TEL: 0033-1-40940700 TEL: 0046-8-6269626 TEL: 0034-3-4-504876 TEL: 0032-2-2456510 

FAX: 0033-1-40940216 FAX: 0046-8-6268638 FAX: 0034-3-4-331944 FAX: 0032-2-2456313 


SAMSUNG SEMICONDUCTOR-REPRESENTATIVES 


EUROPE 
BELGIUM GERMANY 
DANE-LEC BELGIUM ASTRONIC GmbH 
91-93 Rue J.D. Navez TEL : 0032-2-2167058 Gruenwalder Weg 30 TEL : 0049-89-6130303 
B-1210 Bruxelles FAX : 0032-2-2166871 D-82041 Deisenhofen FAX : 0049-89-6131668 
DENMARK CANNING ELECTRONIC DISTRIBUTION CED GmbH 
Laatzener Str. 19 TEL : 0049-511-87640 
EXATEC A/S : 
Mileparken 20E TEL - 0045-44927000 D-30539 Hannover Delete FAX : 0049-551-8764160 
DK-2740 Skoviunde FAX : 0045-44926020 MSC VERTRIEBS GmbH 
Industrie Str. 16 TEL : 0049-7249-9100 
MIRO ROMEONENT AC D-76297 Stutensee 3 FAX : 0047-7249-7993 
Segersbyvaegen 3 TEL : 0046-853189080 
S-14502 Norsborg FAX : 0046-8531 75340 MICRONETICS GmbH 
Dieselstrasse 12 TEL : 0049-7159-92583-0 
FINLAND D-71272 Renningen FAX : 0049-7 159-9258355 
TAHINIK OY 
P.O. Box 125 TEL : 00358-1482177 SILCOM ELECTRONICS VERTRIEBS GmbH 
SF-00241 Helsinki FAX : 00358-1482189 Hindenburg Str. 284 TEL : 0049-2161-15074 
‘ : D-41061 Moenchengladbach FAX : 0049-2161-183313 
OY FINTRONIC AB 
Pyyntitie 3 TEL : 00358-0887331 ITALY 
SF-02230 Espoo FAX : 00358-088733342 DEUTSCHE ITT INDUSTRIES GmbH 
Viale Milanofiori E/5 TEL : 0039-2-824701 
FRANCE 1-20090 Assago Mi FAX : 0039-2-8242631/8242831 
MEGACHIP 
7 avenue du Canada TEL : 0033-1-69290404 FANTON COMPONENTS BOLOGNA S.R.L. 
ZA de Courtaboeuf FAX : 0033-1-69290039 Via O. Simoni, 5 TEL : 0039-51-735015 
91966 LES UILIS Cedex 1-40011 Anzola dell' Emilia FAX : 0039-51-735013 
FRANCE 
RAFI ELETTRONICA SPA 
SCAIB : : Via Savona 134 TEL : 0039-2-48300431 
80 Rue d'Arcueil TEL : 0033-1-46872313 |-20144 Milano FAX : 0039-2-428880 
Silic 137 FAX : 0033-1-45605549 
94523 RUNGIS Cedex 
FRANCE 
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THE NETHERLANDS SWITZERLAND 
MALCHUS BV HANDELMIJ ELBATEX AG 
Fokkerstraat 511-513 TEL: 0031-10-4277777 Hard Str. 72 TEL : 0041-56275511 
Postbus 48 FAX: 0031-10-4154867 CH-5430 Wettingen Schweiz = FAX : 0041-56275532 
NI3125 BD Schiedam : 

UNITED KINGDOM 

SPAIN MAGNATEC 
Ronda General Mitre TEL: 0034-3-2172340 Lutterworth , FAX: 0044-455-552612 
240 Bjs FAX: 0034-3-2176598 Leicestershire 
E-08006 Barcelona LE17 4JB 

SWEDEN ICE ELECTRONICS LTD. 

31-32 Stephenson Road TEL : 0044-480-496466 

MIKO KOMPONENTS Burrel Road Industrial Estate FAX : 0044-480-496621 
Segersbyvaegen 3 TEL : 0046-853-189080 St. Ives 
P.P. Box 2001 FAX : 0046-853-175340 Cambridgeshire 
$-14502 Norsborg PE17 4WJ 
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ASIA 
HONG KONG 


AV. CONCEPT LTD. 

Unit 11-15, 11/F1, Block A, 
Focai Industrial Centre 

21 Man Lok Street, Hunghom, 
Kowloon, Hong Kong 


TEL : 3347333 
FAX : 7643108 


PROTECH COMPONENTS LTD. 


Unit 2,3/F, Wah Shing Centre, TEL : 7930882 
11 Shing Yip Street, FAX: 7930811 
Kwun Tong, Kowloon, 

Hong Kong 


WISEWORLD ELECTRONICS LTD. 


Room 708, Tower A, 7/FI., TEL: 7658923 
Hunghom Commercial Centre, FAX : 3636203 
37-39 Ma Tau Wai Road, Hunghom, 

Kowloon, Hong Kong 


IBDT HK LTD. (CHINA AREA) 
Unit 2, 23rd floor, 

Westlands Center, 

No.20 Westlands Road, 

Quarry Bay, Hong Kong 


TEL : 565-5898 
FAX: 564-5411 


SOLARBRITE ELECTRONICS LTD. 
(CALCULATOR & WATCH) 
Unit 1, 11/F, Tower 1, Harbour 
Centre, 1, Hok cheung 

St, Hunghom, Kowloon, 

Hong Kong 


TEL : 3633233 
FAX: 3633900 


ATLANTIC COMPONENTS LTD. 
(MEMORY & PC) 


Unit 502, 5/F, Tower Ill, TEL: 7991996 
Enterprise Square, FAX: 7559452 
9 Sheung Yuet Road, Kowloon Bay, 

Kowloon, Hong Kong 


LISENG & CO. 


(4BIT/8BIT ONE CHIP SOFTWARE HOUSE) 


TEL : 5431338 
FAX : 5442602 


Flat B&C, 6/F, Four Seas 
Communication Bank Bldg, 
49-51 Bonham Strand 
West, Hong Kong 


SOLARI COMPUTER ENGINEERING LTD. 
(4 BIT/SBIT ONE CHIP SOFTWARE HOUSE) 
Roon 2018-2025, Tower 1, TEL : 418-0988 
Metroplaza, Kwai Fong, FAX: 418-0887 
N.T., Hong Kong 


DATAWORLD INTERNATIONAL LTD. 
(MIYUKI ELECTRONICS (HK) LTD.) 
(ASIC DESIGN HOUSE) 
Flat No. 3-4,5/FI., 

Yuen Shing Ind. Bidg., 
1033, Yee Kuk Street, West, 
Kowloon, Hong Kong 


TEL : 7862611 
FAX: 7856213 


TLX : 52543 SECL HX 


TLX : 45876 MYK HX 


SYNTHESIS SYSTEMS DESIGN, LTD. 


(ASIC DESIGN HOUSE) 


Unit 4,12/F Chai Wan Ind. City, TEL 
Phase 2, No. 70, Wing Tai Road, FAX 
Chai Wan, Hong Kong 


TAIWAN 
YOSUN INDUSTRIAL CORP. 
7F, No. 76, Sec. 1, TEL 
Cheng Kung Rd. Nan Kang, FAX 
Taipei, R.O.C. 
SANT SONG CORP. 
4F, No.12, Lane 94, Tsao TEL 
Ti Wei, Shen Keng Hsiang, FAX 


Taipei Hsien, Taiwan, R.O.C. 


SUPREME ELECTRONICS CO., LTD. 
18Fl., No.67, Section 2, 
Tun hwa S. Road, 
Taipei, Taiwan, R.O.C. 


JAPAN 
TOMEN ELECTRONICS CORP. 
1-1 Uchisaiwa-Cho 2 Chome TEL : 
Chiyoda-Ku Tokyo, 100 Japan FAX : 
RIKEI 
Nichimen Bldg., TEL: 
2-2 Nakanojima 2 Chome, FAX: 
Kita-Ku, Osaka, 530 Japan 
ISECO 
26-3, Kitamagome 2 Chome, TEL: 
Ota-Ku, Tokyo, 143, Japan FAX : 
ADO 
7F Sasage Bldg., TEL: 
4-6 Sotokanda 2 Chome FAX : 
Chiyoda-Ku Tokyo, 101 Japan 
MARUBUN 
8-1 Nihombashi-Odenma-Cho TEL: 
Chuo-Ku Tokyo, 103 Japan FAX: 
SAMSUNG JAPAN 
17F, Hamacho Center BLDG. TEL: 


2-31-1, Nihonbashi-Hamacho FAX: 


Chuo-ku, TOKYO 103 JAPAN 


: 557-1102 
: 889-2962 


: (02)788-1991 
: (02)788-1996 


: (02) 662-7829 
: (02) 662-0781 


TEL : (02) 7023258/7023278 
FAX : (02) 7063196 


(03) 3506-3654 
(03) 3506-3497 


(06) 201-2081 
(06) 222-1185 


(03) 3777-3611 
(03) 3777-3614 


(03) 3257-2600 
(03) 3251-9705 


(03) 3639-9897 
(03) 3661-7433 


(03) 5641-9651 
(03) 5641-9713 
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SINGAPORE 


ASTINA ELECTRONIC(S) PTE LTD. 

203, Henderson Road TEL : 65-2769997 
#12-08 Henderson Industrial Park, FAX : 65-2769996 
Singapore 0315 


BOSTEX ELECTRONICS PTE LTD. 

No.221 Henderson Road TEL : 2765130 
#04-06 Henderson Building FAX : 2765132 
Singapore 0315 


SAMSUNG(THAILAND) CO., LTD. 

15th Fl. Sathorn Thani Bidg., TEL: 662-2367642-5 
92/40-41 North Sathorn Road FAX: 662-2368049 
Bankok 10500, Thailand 


SOUTH-WEST ELECTRONICS PTE LTD. 

30 Kallang Pudding Road, TEL: 7431813 
#04-04 Valiant Industrial Bldg., FAX: 7471128 
Singapore 1334 


SYARIKAT SAMSUNG ELECTRONICS(S) PTE LTD. 
Suite 9-2, Menara Penang TEL : 229-1670~1 
Garden 42A, Jalan Suitan FAX : 229-1678 
Ahmad Shah 10050 Penang, 

Malaysia 


VUTIPONG ELECTRONIC CO., LTD. 
51-53 Pahurat Rd, (Banmoh) —_ TEL: 662-2266496-9 
Bankok 10200, Thailand FAX: 662-2240861 


YiIC SINGAPORE PTE, LTD. 

623, Aljunied Road, #06-08 TEL: 65-7490677 
Aljunied Industrial Complex, FAX: 65-7477019 
Singapore, 1438 


SAMSUNG SINGAPORE PTE, LTD. 

4,SHENTON WAY, #18-01/10 TEL : 65-5352808 
Shingwan House, FAX : 65-2772792 
Singapore 0106 


WESTECH ELECTRONICS CO., LTD. 

77/113, Ladprao SOI 3, TEL : 662-512-2751 
Ladyao, Jatujak, Bangkok FAX : 662-512-5531 
10900, Thailand 


INDIA 


COMPONENTS AND SYSTEMS MARKETING 
ASSOCIATES (INDIA) PVT. LTD. 

100, Dadasaheb Phalke Road, TEL: 4114585 

Dadar, Bombay 400 FAX: 4112546 

014 TLX: 001-4605 PDT IN 


TURKEY 


ELEKTRO SAN. VE TIC. KOLL STI. 
Hasanpasa, Ahmet Rasim TEL: 337-2245 
Sok No. 16 Kadikoy Istanbut, FAX: 336-8814 


Turkey TLX: 29569 elts tr 
CHINA 

IBDT(HK) LTD. (SHANGHAI LIAISON OFFICE) 

Rm 501, TEL : (021) 4316170 


750 Zhao Jia Bang Rang Road, FAX : (021) 4316170 
Shanghai, China 


KOREA 


NAEWAE SEMICONDUCTOR CO., LTD. 

Bangbae Center Bidg., TEL: (02)595-1010 
875-5, Bangbae-4dong, FAX: (02)595-7888 
Seocho-ku, Seoul, Korea 


SAMSUNG LIGHT-ELECTRONICS CO., LTD. 

4th Fl. Room 2:3, TEL: 718-0045 
Electronics Main Bldg., 718-9531 —5 
16-9, Hankangro-3ka, FAX: 718-9536 
Yongsan-ku, Seoul, Korea 


NEWCASTLE SEMICONDUCTOR CO., LTD. 

4th Fl. Room 410-411, TEL: 718-8531 —4 
Electronics Main Bldg., FAX: 718-8535 
16-9, Hankangro-3ka, 

Yongsan-ku, Seoul, Korea 


HANKOOK SEMICONDUCTOR & 
TELECOMMUNICATION CO., LTD. 

#302, Monami Bldg., 125-20, TEL: (02)542-4123 
Chungdam-dong, Kangnam-ku, — FAX: (02)542-2454 
Seoul, Korea 8; 


SEGYUNG INTERISE CORP. 
Dansan Bidg., 301, 7-44 TEL: (02)469-3511 


Hwayang-dong, Sungdong-ku, FAX: (02)469-7966 
Seoul, Korea 


SEGYUNG ELECTRONICS 
182-2, Jangsa-dong, 
Jongro-ku, Seoul, Korea 


TEL: (02)273-6781 
FAX: (02)275-9448 
TLX: K24950 SUKSEMT 


SAMTEK 

3/4 FL. Chungju Bidg., 
156-16, Samsung-dong, - 
Kangnam-ku, Seoul, Korea 


TEL: (02)538-4400 
FAX: (02)538-4338—9 


SUNIN TRADING CO., LTD. 

Sunin Bldg., 7Fl., 16-8, TEL: (02)702-1257—8 
Hankangro-2ka, Yongsan-ku, FAX: (02)704-0997 
Seoul, Korea 
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